


















































































Hs Ae ‘ foysa rh 
‘ Kole 
ies Pie pe 
Sees ! 
' ff) Os ( } tdoeg 
* ‘ ne ee rae popes fon 
ates it Piiabieeeanenteae 
; Porn ery. BeOGOr ts Hevruna oe 
f Raa uM tT aC Heit etait  bettt gtr o foe tg 
De Rel iilaiy veh er eat hAa Moshe angie WI ADM eR gee Fae 
' Rr a eo WY he ee Aas, to es blot hom ir spe pit 
CE et ew CIES hos: Eee Rt ast 4 aan) - >} 
f Eee etter ate tle ete Alte BHD pee Mei Ree 
Ms ( een Rear ote sHeStantaetpones fis art ite 
ia : if f Mae eat iitts iiceges gots ott ded 
et i ncaa tReet 








a 


oS Sit ease ane 
Hea neler 
Mion poste 









Oe: 
re YY 


7 AAG 
He LMA FUR ag 
eat ee Hea 
















ett e 
Re Be eb 
Ye: f 

Lee 






Li ALA ok oD a tok: 
CPM Pld aud) the ae 
Pineda ATES 
Past 

















f Oy 2 fF i 
pester 
Ret aeiiin ae eta 





; ist ay 
Ha cent ea 
} Gee ei 


Bie 





































The 
saat tet 
dit ve ; Bit 
ee ed tee) ets cai iH 
‘at ee ! 
he Fiat 
HM f 


















conc ‘i 
ts et ea 

AG Ha abt 
ie 











aoe 
a Me Te Wives 
ha ia 















nt ut \ 
PY ey 
et Te ey 
ye ee eR a Sh be ka tion Aah ge hes Dra 
EERO CE a ei me eve de bet 
HV pe NTN WL DE NMS De ER OES hs HN D8 
PRICE'S Th oh ASP TMCR LOL Ten ERAT MT ORG 
os ae ¥ oh} " 

DEL MT gen 
Racha Dek eke eh Sich Plana De bh 
PE EAE VAC Ve on ee 


Pyles Pairk 


} +R 
aya 
i yt 



































vy ; 
5 NOMA M Tad 
bee Aye ty 


WAL Y, 






t 





wa 
Hele a AS 
mea? eae Nd AE 
Y ae Vet hth) 
y A ear 







Hoe ea yi 

Wy yey 

Bye 
hey 












: 
; MEN MOTE NY 
SE aE eM Wey 
Bays twats erarke 
he bik) 















vy 
vy 










wt see hee Nactarrate rots 1 
ON Ye Nett YALE 8 ) ee eck by tek it 
Vin yey ann VOT RAG Bee AN, ‘ AX vy Ay, 
: ue 


‘ hye \ 

SATE hse Mk athlete mathe a 
DE bark 

a) 























EVER ONY hS 
bry AT Se yy tay tes fy iF 






i i Wit Wee Ie: 
Re 
ada fy tath wehehty hel 

































7 ‘ 
VL YE OPA is y i 
14 VR ey ee) view 7 ¥ 
peanrteenss isd i CERCA Hanh at lt RHR 
¥ kath) Vy wy Hest rays ‘Hy 4 | Whi Oo bs4 ‘ys i . news 
‘ Sa ATARI ue Neen yea ele gS AE nye Milas 
ated tay tet FDU als .: Heh We Se 
bk beh) ; aa) 
*) 


Us \ i ' 

My 38 NN 1 
RRC 
Daas anh ts se ‘i er 


9005 SoH Ye) ea SOND i 
ss Sharh Ran RM ARH 

















ite 
wae ‘als 
a hey 

| 




















































y ; i 

4 ey aie Vay ays WN 

it WAV wens i { ¥ Bitten 
ear hy Stee a wr npg Ie alive ky Ss ee 
ea yh yew Yet ye if t) t * areiiit 48 e 


STDS D9} SOAR TS 

NL CA MAS eR MY 

Nile yd eiantin $e 88 4) ae Th 0 biti be betes 
ly } 













rLaateasTarbeupehurt Nese 
if My RSENS ee i 
a 


Vives 
pbs d fi 


" TR ENE Ait) 
xe Et rib Gtte bot te eT: 


, 


















DEAN athe Mariah tas 
Melba ipe ts Beh ee 
ck Sitti 



































































































































} y i) i eh Se ys He rare 
ye Myr Par Ae We aE NS dots Bat \ in? if OUR ciate! 
iF Nar itich AEWA AN alga ofa ray OEE MOY ) 
UNM N Pa mV ie Aft oye ph 8 Te bs ks wees 
itibeie NS NOOR SAL Ha ASRS UE SN 
eth Myth Pye iy te 
. t he : 24g SAMA | we ° 
te Fodu NPA NAEP ANAC ST ASRS ASRS MW WN RS 
Naty cl ten Nace VINA MAA Te Ae Ae ALee hy HEAPS AN ts Spe dai tar aed 
ass es ay 9: Lol ke bos be ort Bah tA AEE LY soe a ct uf 
: satel Ragaagsung Sickest koteo steam cae eicser ape Ot GU 
‘ Veoh AAT M SHEMa TOM wana rR eat sao s . EY ab te +8 fy \ n? aaenbrEtech Pata RAN a , 
MSO WIA wey HR Ea Betint ba MPA HM 
wae % 5 r ry y! eet of 
2 est A Sh e fis } iN i te aia eat tatats aan \ 
Yi \ haasheat MMe tara Gey ANAT cH RSL asyeM Aa argo Ls PADI HAP eae bhi as eae a Magee hNG i 
wae ey HEAL Op art Scar Math ete AS MW B50 AE MAN sila Reine AG Se bs tai Res en PASM SAME WOOT fa ae b> ba oe Ht BS PANO 
‘ \) : per belivty fy boc ¢ "Vee ns iy a Ske ta WAS MAS bo Meo oe MIA OLE i uit Who BV be ts hd ett sth * a 
eee ‘ arte er Wo EEL /ToohinT Shea ETE UTIereCUL TR GO MCILE OU NO Oh 1a Sar Ut is eee yh ets ithe Wh ay bk way f A AS sted fone Sreentee tem ite c 
iN: taste get tite AS ARS Age WLU ASAN ATAEAS HAA Asha aores GaAs Arta Ara AP cas Ea hha be PAT My oe be LENSAD Ob ASG Cass he bis eb wee A ALCOR T TA, IN We AW 
$e FOWL Vrs Yr oe 8 rec Whar Py arth be ey ee ah Reh OLE ER Lt eas AA Ae te Nate NOAM a r co bbe chbet, phy br LA atten 
Jey AULT SARE Sonat RN RM tater TUT aU RUMEN SE A FN oin EAU e rea tN dete belch ST UR tibee deo ah a) soiree erate teats Lage eats 
" RHA IOC ENA A RO RR AN RN RHOUNS Nyaa SAVANE ting PURINA MeL et areca me at : 
ei 43 Y Ns A bey WS) hy hae tka We EAH Meet heh yrrareree wee mn » ey Me We Ade Ase be te ctihy ty be er trhd Mh ae + 
a AIAN Pea he Whe eas VOM APIS Nike ey hen ha dag Ge aeRl Acie 4 he + Nerney + At gk Ae are a iy MLL DE NG Sas he Me i hs SF he ia Fg A om) hg He Dr Wie ~~ 














































il 


: ia IBLIC ROADS | 


lla. “aid call. 


A JOURNAL OF HIGHWAY RESEARCH 
eo 



















UNITED STATES DEPARTMENT OF AGRICULTURE 


BUREAU OF PUBLIC ROADS 






Wh Oe TNO tes V @) Grle@) bs Ree eons Ce 


asagarseateee® 


oe jatee 





For sale by the Superintendent of Documents, Washington, D. C. - = - = - = - = = - - - See page 2 of cover for prices 





PUBLIC ROA = 


A JOURNAL OF HIGHWAY RESEARCH 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BUREAU OF PUBLIC ROADS 


CERTIFICATE: By direction of the Secretary of Agriculture, the matter contained herein is published as administrative information 
and is required for the proper transaction of the public business 





The reports of research published in this magazine are necessarily qualified by the conditions of the tests from which the data are 
obtained. Whenever it is deemed possible to do so, generalizations are drawn from the results of the tests; and, unless this is done, 
the conclusions formulated must be considered as specifically pertinent only to the described conditions 


Vol. 11, No. 8 OCTOBER, 1930 G. P. St. CLAIR, Editor 





TABLE OF CONTENTS 


Page 
General Reports Submitted to International Road Congress : j ; F : a A: 
International Road Congress Adopts General Conclusions é : : 5 ; s  iKey/ 


Bureau of Public Roads Enters Upon New Research Programs  . : ; : : fee We 


THE BUREAU OF PUBLIC ROADS 
Willard Building, Washington, D. C. 


REGIONAL HEADQUARTERS 
Mark Sheldon Building, San Francisco, Calif. 


DISTRICT OFFICES 


DISTRICT No. 1. Oregon, Washington, and Montana. DISTRICT No. 7. Illinois, Indiana, Kentucky, and Michigan. 
Box 3900, Portland, Oreg. South Chicago Post Office Bldg., Chicago, Ill. 
DISTRICT No. 2. California, Arizona, and Nevada. DISTRICT No. 8. Alabama, Georgia, Florida, Mississippi, South Caro- 
Mark Sheldon Building, San Francisco, Calif. lina, and Tennessee. 


Box J, Montgomery, Ala. 
DISTRICT No. 3. Colorado, New Mexico, and Wyoming. 


301 Customhouse Building, Denver, Colo. DISTRICT No. 9. Connecticut, Maine, Massachusetts, New Hampshire, 
New Jersey, New York, Rhode Island, and Vermont. 

DISTRICT No. 4. Nee North Dakota, South Dakota, and Federal Building, Troy, N. Y. 

isconsin. 

410 Hamm Building, St. Paul, Minn. DISTRICT No. 10. Delaware, Maryland, North Carolina, Ohio, Penn- 

sylvania, Virginia, and West Virginia. 

DISTRICT No. 5. Iowa, Kansas, Missouri, and Nebraska. Willard Building, Washington, D. C. 

8th Floor, Saunders-Kennedy Building, Omaha, 

Nebr. DISTRICT No. 11. Alaska. 


Goldstein Building, Juneau, Alaska. 
DISTRICT No. 6. Arkansas, Louisiana, Oklahoma, and Texas. 
1912 Fort Worth National Bank Building, Fort DISTRICT No. 12. Idaho and Utah. 
Worth, Tex. Fred J. Kiesel Building, Ogden, Utah. 








Owing to the necessarily limited edition of this publication it will be impossible to distribute it free to any persons or 

institutions other than State and county officials actually engaged in planning or constructing public highways, instructors 

in highway engineering, and periodicals upon an exchange basis. Others desiring to obtain Pustic Roaps can do so 

by sending 10 cents for a single number or $1 per year (foreign subscription $1.50) to the Superintendent of Documents, 
United States Government Printing Office, Washington, D. C. 








GENERAL REPORTS SUBMITTED TO INTERNATIONAL 
ROAD CONGRESS 


HE SIXTH CONGRESS of the Permanent 

International Association of Road Congresses was 

convened in Washington on Monday, October 6, and 
closed on Saturday, October 11. Prior to the congress, 
69 papers written by engineers in 20 different countries 
were published and distributed to the members. These 
papers deal with the following subjects, which were in- 
cluded in the agenda of the congress: 


FIRST SECTION 


CONSTRUCTION AND MAINTENANCE 


Results obtained by the use of: 
(a) Cement; 
(b) Bricks or other artificial paving. 
(Methods employed for road  con- 
struction and maintenance in these 
materials.) 


First question. 


Second question. The most recent methods adopted for the use of 
tar, bitumen, and asphalt in road con- 
struction. 


The construction of roads in new countries, 
such as colonies and undeveloped regions. 


Third question. 


SECOND SECTION 


TRAFFIC AND ADMINISTRATION 


Fourth question. Ways and means of financing highways: 

(a) Road construction; 
(b) Maintenance. 

Highway transport: Correlation and coordina- 
tion with other methods of transport; 
adaptation to collective (organizations) 
and individual uses. 

1. Traffic regulation in large cities and their 
suburbs; traffic signals; design and layout 
of roads and adaptation to traffic require- 
ments in built up areas. 

2. Parking and garaging of vehicles. 


Fifth question. 


Sixth question. 


The reports on each question were reviewed by a 
general reporter (two for the first question), and these 
general reports were read at the meeting of the congress. 
It is a custom to appoint general reporters from the 
country in which the congress is held. For each 
question an American authority of recognized standing 
was selected to digest and summarize the reports sub- 
mitted. The papers submitted by these general 
reporters are here reprinted in full. 


Rio wie Ob LAINE DSB Yelnine Uses ObRCENIEINT 


General report submitted by FRANK T. SHEETS, Chief Highway Engineer, State of Illinois 


A thorough study of the papers on this subject sub- 
mitted by reporters from many countries shows that 
the use of cement in both rural and urban road con- 
struction is steadily increasing on account of the inher- 
ent advantages of this material. 


CEMENT DEFINED 


‘ 


In this discussion the term ‘“‘cement”’ is assumed to 
mean the standard Portland cements and the closely 
related special or high early strength cements which 
have been developed in recent years. No attempt 
will be made to discuss so-called bituminous cements. 


GENERAL USES OF CEMENT 


Cement has been most generally used in road work 
for— 

(1) The construction of cement concrete founda- 
tion or base courses on which were placed 
the many varieties of bituminous, brick, and 
paving-block wearing surfaces. 

(2) The construction of cement concrete pave- 
ments which carry traffic on the cement 
concrete surface itself. Such pavements 
have utilized both plain and reinforced con- 
crete and have been constructed in both 
single and double courses. 

(3) The construction of cement-bound macadam 
surfaces; in which case three general methods 
have been used. 

(a) A dry mixture of cement and sand 
was rolled into a prepared stone 
surface and was then wetted and 
rolled until the resultant mortar 
flushed to the surface. After this 
set, the road was opened to traffic. 


12832—30——1 


(b) A layer of plastic mortar composed of 
cement and sand was sandwiched in 
between layers of macadam, and 
then the whole mass was rolled un- 
til the mortar worked into both 
courses of stone and sufficient mor- 
tar worked to the surface to produce 
a proper finish. 

(c) A thin grout composed of water, ce- 
ment, and sand was poured into a 
previously prepared macadam sur- 
face, and the whole mass was then 
rolled and otherwise manipulated 
until a proper finish was secured. 


CONCRETE ROADS SUITED TO HEAVY TRAFFIC 


In general it may be said that cement concrete for 
foundation or base courses or for pavements which 
carry traffic directly on the concrete surface, as de- 
scribed in the foregoing paragraphs (1) and (2) has been 
used primarily on roads and streets which carry a large 
volume of vehicular traffic accompanied by frequent 
applications of heavy wheel loads. 


MACADAM SUITABLE FOR MEDIUM OR LIGHT 
TRAFFIC 


CEMENT-BOUND 


The cement-bound macadam types described in the 
foregoing paragraph (3) have been used with some suc- 
cess on roads and streets on which the density of traffic 
and weight of wheel loads were not inimical to the 
macadam type of construction. In such cases the 
addition of the cement binder seemed to give very good 
results, and greatly increased the traffic capacity over 
that which could have been carried successfully by 
ordinary macadam. The consensus of opinion seems 
to be that for light or medium traffic this type of con- 
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struction, which costs less than regular concrete con- 
struction, has a place in the highway field. 


STEEL-TIRED TRAFFIC REQUIRES SPECIAL DESIGNS 


In some localities where steel-tired vehicles carrying 
heavy loads are frequent, cement concrete surfaces 
employing ordinary aggregates suffer seriously from 
abrasion. In such cases it has been necessary to sup- 
plement the structural strength or load-carrying capac- 
ity of the standard concrete pavement by using very 
hard coarse aggregate in the top or wearing surface of 
the pavement slab. This is the so-called 2-course 
method, and has given very good results at reasonable 
cost, provided the top course of concrete was applied 
before the lower course began to set. The 2-course 
concrete pavements seem to have met the abrasion 
problem satisfactorily and with much less first cost 
than that resulting from the construction of the bitu- 
minous surfaces or block surfaces on a concrete base. 


SINGLE-COURSE CONCRETE PAVEMENTS SUITED TO RUBBER- 
TIRED TRAFFIC 


Experience has shown that single-course cement con- 
crete pavements which have been built carefully and 
with adequate thickness, but which have employed 
coarse ageregates ordinarily available rather than the 
excessively hard materials discussed in the preceding 
paragraph, withstand successfully almost unlimited 
amounts of rubber-tired motor traffic. This has been 
true even with frequent application of the heaviest 
wheel loads. The surface abrasion resulting from rub- 
ber-tired traffic is very small, and consequently in 
such a case the securing of adequate structural strength 
or load-carrying capacity at minimum cost is the pri- 
mary function of a paving material. For this cement 
concrete is most suitable. 


INHERENT ADVANTAGES OF CEMENT CONCRETE PAVEMENTS 


It is obvious that the structural strength or load- 
carrying capacity of a pavement is measured by the 
strength of the supporting base, The various bitumi- 
nous brick, or block surfaces with bituminous or sand 
fillers have little or no structural or flexural strength, 
and their primary function is to resist abrasion, reduce 
impact, seal the surface, or provide suitable appearance. 
Consequently, even when allowance is made for reduc- 
tion in impact stresses due to such surfaces, the cement 
concrete base course under them must have approxi- 
mately the same flexural strength, thickness, and cost 
as a cement concrete pavement which is to carry equal 
loads on the concrete surface itself. To state it simply, 
we must build practically the equivalent of a concrete 
road as a base for these other surfaces. This gives con- 
crete pavements a great advantage in first cost. Of 
course where seasoned macadam bases are in place, 
this statement will not necessarily hold. 

The selection of type of pavement to be used in a 
specific case can best be determined by the comparison 
of cost of service over a period of years. In such 
studies, first cost, interest on the investment, mainte- 
nance cost, and reasonable life of the pavements must 
be considered. Cement concrete, on account of its 
reasonable first cost with resultant low interest charge, 
its reasonable maintenance cost, and long life, shows up 
very favorably in such studies. This accounts for its in- 


creasing popularity and probably explains the fact that 
59,000 miles of this pavement have been built in the 
United States of America up to the end of 1928, and 
8,756 miles were built in that country in that year 
alone. 


COMPETENT ENGINEERING SUPERVISION NECESSARY FOR GOOD 
RESULTS 


Successful results from the use of cement concrete 
pavements or base courses can only be expected when 
all features of the work are performed under competent 
engineering supervision. This must include the prepara- 
tion of the general plans showing modern grades, 
curves, drainage, and incidental structures, the rational 
design of the pavement slab to meet the conditions 
and to carry the loads which must be encountered, the 
preparation of rigid and detailed specifications to govern 
the work, and rigid inspection of the materials used 
and of the construction itself. This challenges the 
engineer to keep abreast of the times, to use scientific 
rather than rule-of-thumb methods, and shows the 
paramount necessity of a continuing and adequate 
program of research into the many unsolved problems 
yet confronting the engineering profession. 

GENERAL SUMMARY OF PRESENT CEMENT CONCRETE PAVING 
PRACTICE 

1. Subgrade—The most important consideration in 
the preparation of subgrade is uniformity. Yielding 
areas should be replaced with soils of stable character. 
The subgrade should be well drained to eliminate sur- 
face water and that supplied from underground sources. 
The retention of smoothness of the finished pavement 
depends in large measure on care in preparing the sub- 
base. The subgrade should be thoroughly wetted 
before concrete is placed, so as to avoid drawing 
moisture from the concrete during the setting process. 

2. Design of cross section (slab thickness).—The mini- 
mum thickness of slab used has been approximately 6 
inches. Theoretically, it should be of such thickness 
as will distribute the load from the surface to the 
foundation, so that the resultant pressures will not ex- 
ceed the safe load for the foundation material. Earlier 
pavements have been uniform in thickness, or even 
thicker in the center than at the edge. More modern 
practice utilizes the extensive tests which have been 
made, which show definitely the need of the thickened 
edge section. Exposed corners and edges are obviously 
weaker than the interior of a slab having uniform depth. 
It is all but un‘versally recognized that the thickness 
of the mid-portion of a concrete pavement need be only 
about seven-tenths of that near the edge, in order that 
the flexural strength throughout may be approximately 
equal. It is generally believed that if the edge thick- 
ness 1s proportioned in accordance with the formula 
paver eG 

V0.5 
In this formula, t=edge thickness, W=maximum 
expected wheel load, and M=modulus of rupture of 
concrete. 

3. Reinforcement and joints—The design of rein- 
forcement should be in accordance with the weight 
of traffic. On stable foundations, pavements need but 
sight reinforcement; but on the other hand, where 
unstable foundations are encountered, steel reinforce- 
ment properly placed gives the slab increased resistance 


reasonable safety of design will result. 


' 
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to flexure. Reinforcement is effective also in preyent- 
ing large shrinkage cracks. 

The principal function of reinforcing steel as com- 
monly used in pavements is to cause a dowel or shear 
action between edges at joints or cracks across which 
the steel passes. 

Longitudinal joints in pavements have met with much 
favor, as they eliminate irregular longitudinal cracking. 
Practically no longitudinal cracking ever occurs in 
pavement slabs 10 feet or less in width. Best practice 


‘seems to call for such joints at about this interval. 


These joimts are commonly doweled by means of the 
form of the concrete and by short transverse bars placed 
at frequent intervals. 

Transverse expansion joints are commonly employed 
in concrete pavements, but opinions differ as to their 
location. The spacing varies from 20 feet in plain 
concrete on up. A large mileage of successful pave- 
ments has been built without such joints. Joints con- 
structed on an angle to center line of the pavement in 
order to reduce vibration of traffic are not justified 
because of construction difficulties and the failure of 
the slab at the acute angles. The breaking of joints 
is not satisfactory, as cracks will continue across the 
adjoining slab. Pure bitumen or fibrous matter im- 
pregnated with bitumen are the materials usually em- 
ployed in filling joints. Research should be directed 
toward finding a form of joint which will best transmit 
loading from one slab to another and a satisfactory 
form of joint material. Alternate bay construction 
has had some attention. 

4. Design of mixtures and materials —Advance in the 
art of concrete road construction has caused extensive 
research in materials and in the proportioning of aggre- 
gates. The scientific design of concrete mixes and the 
proportioning of aggregates by weight is gaining in 
favor. Standard specifications for aggregates can only 
be a form indicating certain points to be covered, as 
requirements must be adjusted to satisfy local condi- 
tions. It is universally agreed that only clean, hard, 
weather-resisting material, free from organic matter, 
should be used. Continued efforts are being directed 
toward the use of aggregates and cement in such pro- 
portions as will effect the greatest economy in. design 
of the mixtures, strength, density, and cost, each being 
considered. 

5. Construction and equipment.—Surface smoothness, 
correct depth of pavement, and the quality of the con- 
crete are the principal items to be controlled in the 
construction of the pavement. Rigid specifications, 
thorough inspection, and penalties enforceable on con- 
tractors are necessary to get good results. Surfaces 
are commonly built so as not to vary more than one- 
fourth inch from a 10-foot straightedge. Beams and 
cylinders cast at the time the pavement is constructed 
are tested to determine flexural and compressive 
strength of concrete. Cores are drilled from the 
finished pavement to determine depth of pavement and 
also quality of the finished concrete. 

The forms of curing commonly employed are: 

(a) Ponding. 

(b) Wetted earth, straw, or burlap. 

(c) Surface application of calcium chloride. 
(d) Surface application of sodium silicate. 
(e) Surface application of bitumen. 


Opinions vary as to the relative merits of these 
methods. In two or three different countries the 
surface application of a bituminous coat caused exces- 
sive cracking. Water curing is the accepted standard. 

Most paving operations can easily be adapted to use 
of machines, and consequently paving equipment is 
constantly being improved to keep pace with modern 
construction practice. 

6. Maintenance.—The increasing mileage of concrete 
roads has stressed the problem of maintenance. Cracks 
and joints are serviced at least once yearly, being filled 
with bituminous materials. Where pavement shows 
signs of disintegration it is covered with a mixture of 
bitumen and aggregate. General surface coats of bitu- 
minous materials, however, seem unnecessary and 
usually increase maintenance costs. If failure is of a 
critical nature, as in the case of sharp breaks, the area 
of pavement affected is replaced. High early strength 
cements are especially desirable for this type of patch- 
ing work. 


GENERAL STATEMENT OF CONCLUSIONS 


1. Cement is becoming generally used as a paving 
material and has many inherent advantages. 

2. It has been used successfully in the construction 
of cement concrete base courses for other surfaces, for 
cement concrete pavements, and for cement-bound 
macadam. 

3. Cement concrete pavements and base courses are 
suited to heavy traffic. 

4, Where a large volume of steel-tired traffic is en- 
countered, 2-course concrete pavements, with the 
upper layer composed of very hard aggregates, have 
been necessary and successful. Other surfaces on 
concrete base courses have also satisfactorily met this 
condition. 

5. Single course pavements have successfully carried 
maximum volumes of traffic and maximum wheel loads 
when the traffic was largely rubber tired. 

6. Cement-bound macadam has been successful on 
roads carrying light traffic not inimical to the macadam 
type of construction. 

7. Cement concrete pavements, when compared with 
cement concrete base courses surfaced with other mate- 
rials, give equal load-carrying capacity or structural 
strength at less cost. 

8. Competent engineering supervision of design, 
construction, and maintenance of cement concrete 
pavements is necessary to insure good results. 

9. Subgrades must be uniform and stable. 

10. Pavement slabs must be designated to carry ex- 
pected loads. Edge thickening is necessary. 

11. Longitudinal and transverse joints are commonly 
used and must be designed to meet traffic, subgrade and 
climatic conditions. 

12. Scientific design of concrete mixes and weight 
proportioning of aggregates represent the most modern 
practice. 

13. Construction operations are performed mostly by 
machinery, with resulting lower cost and better work- 
manship. 

14. Thorough curing of concrete surfaces is essential. 

15. Maintenance of concrete surfaces, properly con- 
structed, is relatively simple and reasonable in cost. 
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RESULTS OBTAINED BY USE OF BRICKS OR OTHER ARTIFICIAL PAVING 


General report submitted by P. J. FREEMAN, Chief Engineer, Bureau of Tests and Specifications, Department of Public Works, Allegheny County, Pittsburgh, 
Pennsylvania 


From the information given by the reporters for 
various European countries, brick or other artificial 
pavements are not used to any great extent in Den- 
mark, Italy, Irish Free State, Spain, Sweden, and Switz- 
erland. 

Brick is by far the most important artificial road ma- 
terial used in Holland, and the manufacture of brick 
has always been a very important industry. Of the 
national roads embracing in general the more important 
highways with a total length of 2,200 kilometers, more 
than 1,200 kilometers are made of brick, having a total 
surface area of approximately 4,500,000 square meters. 
In addition to the national roads a large part of the 
provincial roads are also made of brick. In munici- 
palities, likewise, a brick surface has very frequently 
been used. About 52 per cent of the total surface of 
streets in Amsterdam are paved with brick and in The 
Hague 43 per cent of the streets are paved with brick. 
The annual production in Holland amounts, at present, 
to 500,000,000 bricks. 

At the present time no uniform method of testing 
brick for all of Holland has been established. There 
are a number of tests prescribed by various authorities 
such as water absorption, compression, wear by means 
of a sand blast, drop test, and the ball compression 
test. Of all of these requirements the ball compression 
test appears to give the best indication as to the dura- 
bility of the paving brick. The method 1s as follows: 
For the ball compression test six brick, of which one is 
broken in two, are laid with broken joints in three 
rows of two each in a shallow box lined with sand. 
The central brick is then loaded through a ball 19 
millimeters in diameter and the applied load is gradu- 
ally increased until rupture occurs. The mean load for 
10 tests should be between 3,000 and 3,500 kilograms, 
with the minimum requirement of 3,000 kilograms for 
the lowest value permissible. The variations from the 
average value should not exceed 10 to 15 per cent. 

In general, the depth of paving brick used in Euro- 
pean countries has been less than that in the United 
States and the amount of vitrification has also been 
lower than in the United States. 

In 1928 the Minister of Public Works of Poland sent 
experts throughout western Europe to study paving 
production with the idea of raising the standard of the 
industry in Poland to the highest technical level. 
Experience in Poland had shown that roads paved 
with brick having a good quality were durable under 
military traffic and with the recent development. of 
high-class paving brick further extension of the use of 
that material for paving may be expected. 

In Belgium, France, and Germany experience has 
shown that the durability of brick pavements is 
affected by the quality of the paving brick and more 
attention is being paid to the methods of making and 
burning paving brick. 

Contrary to the practice in the United States, where 
paving brick is considered one of the most suitable 
materials for very heavy traffic, both as to number of 
vehicles and loading, it appears from reports that in 
continental Europe brick paving has ‘been most gen- 
erally used for light and medium traffic. 

In many cases good European practice indicates that 
the paving brick should not be placed on a rigid base, 
particularly one made of concrete. Many of the brick 


pavements are laid directly on the subgrade or upon a 
heavy layer of granular material such as sand, which 
provides adequate drainage. 

It has been found that unless the brick are of the 
highest quality they tend to pulverize under heavy 
traffic if laid on a solid base or foundation. 

Under certain conditions it has been found un- 
necessary to fill between the brick with any material 
as the sweepings from the streets soon adequately 
fill the spaces between the brick. Pavements in the 
country are filled with sand or bituminous materials 
where traffic conditions make this necessary. 

The countries of continental Europe are all develop- 
ing paving brick of a higher quality than in the past 
and these countries are building experimental pave- 
ments under the most modern methods of design. 
This is also true of Great Britain, where the first experi- 
mental brick pavement was laid in 1922. 

It would appear that the development of paving 
brick can be advanced if a uniform specification ac- 
ceptable to the various countries could be developed. 
At the present time there does not appear to be any 
uniformity as to the physical requirements for paving 
brick used in various parts of the same country. 

Through the efforts of the National Paving Brick 
Manufacturers’ Association the rattler test for abrasion 
loss of paving brick has been made a standard by the 
American Society for Testing Materials and this test 
has done much to standardize the methods of produc- 
tion and the quality of paving brick in the United 
States. This test is used to a limited extent in Euro- . 
pean countries but it is not in general use. 

An attempt will be made to summarize the general 
trend of methods for the construction of brick pave- 
ments in the various countries reporting: 

It is agreed that proper drainage is a vital factor in 
the production of a durable pavement and that if the 
soil conditions are not favorable to proper drainage it 
will be necessary to provide artificial means for draining 
the subgrade. 

It has been found in both Europe and the United 
States that in sections where drainage and climatic 
conditions are suitable it has been possible to construct 
satisfactory brick pavements on sand or well-drained 
earth subgrades. Where such foundations are inade- 
quate to support the traffic the foundations are being 
constructed of brick, stone, blast-furnace slag or similar 
material, which is crushed, rolled into place and bound 
by means of fine materials, bituminous mixtures or 
Portland cement mortars. 

For very heavy traffic plain cement concrete bases 
are commonly used, and in some cases the concrete is 
reinforced with steel bars. 

There is no such thing as a standard adequate founda- 
tion for unit-type brick pavements. The facts in each 
instance must govern the design of the foundation and 
nothing should be overlooked to insure its being ade- 
quate. Best practice calls for a smooth base in which 
the variations shown on a 10-foot straight edge do not 
exceed one-fourth inch. 

Fire clay and shale are used in the various countries 
for the manufacture of paving brick, and whereas the 
practice in European countries appears to be tending 
toward thicker brick, the reverse is true in the United 
States. Experience and tests in the United States have 
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shown that brick having a depth of 2% inches placed on 
a very smooth concrete base may be adequate for heavy 
traffic. 

Having prepared an adequate foundation, a bedding 
course of fine material is spread over this foundation or 
base. This may be sand or slag screenings and for the 
best practice the thickness has been reduced to 1 inch 
or less. 

After the bedding course has been screened to a uni- 
form surface the paving brick are laid carefully with the 
best face up, with all lugs in the same direction, in 
parallel straight courses at right angles to the center 
line of the pavement. In some European countries the 
practice is to lay the brick to make an angle of 45° with 
the center line. The brick are then inspected and culled, 
after which they are rolled with a power tandem roller 
weighing from 3 to 5 tons. After final rolling the brick 
are again inspected and all unsatisfactory brick removed 
and replaced with perfect ones. <A 10-foot straight edge 
is then used at various intervals across the roadway and 
any Inequalities exceeding one-fourth inch are corrected 
and, if necessary, the entire surrounding surface again 
rerolled. 

Portland cement grout filler is no longer in general use. 
Experience in France as well as in the United States 
indicates that it is not so satisfactory as bituminous 
filler. Asphalt is generally used for filler and the best 
modern practice is to apply the filler to the pavement 
by means of small-wheeled buggies equipped with rubber 
squeegees which will fill the joints without leaving a 
coating of asphalt on the surface of the brick thicker 
than one-thirty-second of an inch. For the materials 
used in the United States it is very necessary that the 
temperature of the asphalt filler as applied be not less 
less than 177° C. Specifications require the use of a 
large thermometer fixed in the kettle so that the tem- 
perature may be known at all times. 


Immediately after filling the joints a thin coating of 
sand or granulated slag is spread over the surface of 
the brick and rolled to bed in the coating. Additional 
dressing may be added or the excess removed after the 
road is opened to traffic if the conditions warrant. 


RUBBER PAVING 


An artificial paving material which may have 
unusual future possibilities is rubber, which has been 
used in Great Britain since 1913. Several different 
types of paving blocks made from rubber are being 
tried. Some consist of solid rubber blocks 9 by 3 by 
3% inches deep, which are placed directly on a concrete 
foundation or other existing base. Other blocks of 
rubber have been used having dimensions of 9 by 
by 1% inches mounted on a concrete base and held 5 
chaplets of steel. Rubber pavements have been tried 
in the United States to a limited extent but a method 
of holding the rubber surface to the base has as yet to 
be perfected. Such pavements are not slippery and 
appear to have wearing qualities. 


STONE BLOCK PAVING 


Stone block pavements are considered natural pave- 
ments by the European countries reporting rather 
than artificial materials. In the United States block 
pavements have been constructed of granite, trap, 
sandstone, and limestone. The method of laying 
block stone pavements is practically the same as for 
paving brick. The joints are usually filled with a 
mastic consisting of approximately equal portions of 
sand and asphalt filler rather than pure bituminous 
filler as is the case with paving brick. In some cases 
cement grout filler consisting of equal parts of Portland 
cement and sand are used. Block stone pavements on 
adequate foundations are considered suitable for the 
heaviest type of traffic. 


THE MOST RECENT METHODS ADOPTED FOR THE USE OF TAR, BITUMEN, AND ASPHALT 
IN ROAD CONSTRUCTION 


General report submitted by ROY W. CRUM, Director, Highway Research Board, National Research Council, Washington, D. C. 


Reports have been received from 13 countries telling 
of the successful use of tar, bitumen, and asphalt. 
Many combinations and methods of use are described. 
The rapid increase in the adoption of surface treat- 
ments to produce thin mat surfaces upon gravel, stone, 
and slag roads for light and medium traffic is probably 
the outstanding recent development. The methods 
described are well worth the careful study of engineers 
responsible for planning highway improvements. 

Your reporter is greatly impressed by the many com- 
binations of materials and construction methods used 
to stabilize earth, sand, gravel, stone, and slag surfaces 
for light traffic, and to form wearing carpets for heavy 
traffic. In Europe most attention has been directed 
toward the surfacing of existing macadam or similar 
roads, while in the United States there has been a great 
development in the initial construction of low and 
medium type roads. The developments have come 
about principally through road trials, although the 
influence of research, particularly into the character- 
istics of the bituminous materials, isnotable. Intensive 
research methods, particularly into the combinations 
of bituminous binders with other materials and into 
economic factors, must now be invoked in order to 
develop further refinements in serviceability and 
economy. 


The principal impressions received through the study 
of these excellent reports are as follows. 


TERMINOLOGY 


The nations do not yet agree upon the terms used in 
connection with the materials covered by the second 
question, the principal differences occurring because 
of the divergence i in commonly accepted trade terms in 
Europe and America. New trade terms will be very 
slowly adopted. In the meanwhile a classification 
based upon the manner of commercial production of 
the various materials, giving the names by which they 
are known in the different countr ies, would be of great 
help in promoting understanding. ‘The following ce- 
mentitious materials are recognized in all countries: 
(a) Tar; (6) the solid or semisolid binders secured from 
natural deposits; (c) the solid, semisolid, and liquid 
binders produced by the distillation of petroleum; and 
(7) natural rock impregnated with bituminous binding 
media. The use of the term ‘“‘bitumen”’ to describe 
that part of these various materials which is completely 
soluble in carbon disulphide appears to be generally 
acceptable. The difficulties arise when exact scientific 
definitions susceptible of a single meaning are at- 
tempted. Similar classification is also needed for the 
various basic road types which are now described by 
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a great variety of trade names, many of which are not 
descriptive. 
CONDITIONS OF USE 

The reports describe the methods developed in the 
different countries, and give some information con- 
cerning traffic capacity, maintenance needed, and 
governing conditions necessary for success. Emulsions, 
owing to their adaptibility to use in wet weather, have 
had wide acceptance in Kurope, while for use cold, cut- 
back products are more common in America. New 
types of equipment include a machine reported from 
Sweden for spraying sand and bitumen simultaneously 
from adjacent nozzles, so that each sand grain is coated ; 
machines similar to those used on Portland cement 
concrete for finishing mixtures; attachments for pres- 
sure distributors for spraying asphalt and dilute soap 
solution to form an emulsion; and mechanical distrib- 
utors for both coated and uncoated aggregates. Con- 
siderable attention is given to methods for overcoming 
slipperiness, particularly by rolling bitumen-coated 
stone chips into the surface. Applications of laboratory 
research into the constitution of bitumens are discussed 
in the Dutch report. The German report describes 
methods, which also parallel American practice, for 
design of mixture with especial reference to determina- 
tion of correct binder content. The nonsuccess of 
surface treatments on certain roads in Spain carrying 
intense traffic of heavy carts is mentioned. European 
reports indicate increasing use of asphaltic bitumen, bi- 
tuminous emulsions, and mixtures of tar with asphaltic 
bitumen. 

NEEDS 

It is apparent from the reports that tar, bitumen, and 
asphalt have been found satisfactory for use in road 
improvement throughout the world, and many of the 
factors upon which success depends are indicated. 
However, the thought occurs that further detailed dis- 
cussion of the prevailing conditions, upon the evalua- 
tion of which depends the decision as to the particular 
type, design, and methods to use in specific cases, would 
be extremely valuable. Doubtless full understanding 
of the factors involved will depend somewhat upon 
further research into such economic features as trans- 
portation costs (roadway cost plus vehicle-operating 
costs) and relation between maintenance costs and 
intensity of traffic, and also upon research into the 
fundamental characteristics of combinations of bitu- 
minous binders and mineral aggregates. 


CONCLUSIONS 


I have the honor to recommend the following conclu- 
sions, which are based upon the impressions received 


through study of the national reports, for 
consideration. 

J. Tar, bitumen, and asphalt are suitable materials 
for use in the improvement of all classes of roads, subject 
to the limitations imposed by the characteristics of the 
material, the intensity of traffic, and local physical 
conditions. Certain governing conditions generally 
recognized are: 

(a) The use of the correct grade and amount of 
bituminous binder for the particular type of work 
and aggregates to be used is essential. 

(6b) Provision for prompt maintenance is neces- 
sary. In general, successful results. are attained 
when the roads can be kept in good condition at 
reasonable cost by maintenance of the surface 
without the need of extensive repairs to the under- 
lying roadway. 

(c) Proper proportions, thorough mixing, and 
thorough compacting are required in construction 
of premixed types of surface. 

(d) Especial care is needed in the construction of 
bituminous macadam, since careless workmanship 
or improper methods may not be apparent-immedi- 
ately after construction. 

(e) Attention should be given to the reduction 
of slipperiness. 

Il. The need for research into the fundamental fac- 
tors involved in the use of tar, bitumen, and asphalt in 
road improvement and maintenance is recognized. 
The attention of the Members of the Congress is 
especially directed to needs as follows: 

(2) Research into the constitutions and charac- 


your 


teristics of bituminous materials, and their combi- 


nations with other materials. 

(b) Research into factors affecting the service- 
ability and durability of roads, such as climate, 
subsoil, traffic density, and road design. 

(c) Data on economic factors such as: 

(1) Cost of transportation over various 
road types, including vehicle-operating costs 
and roadway costs. 

(2) Relation between maintenance costs 
and volume of traffic for various road types. 


III. In order that mutual understanding and helpful- 
ness may be promoted, there is need for an international 
classification of materials, combinations of materials, 
construction methods, and road types which will 
correlate the terms in use throughout the world, both 
commercial and scientific. 


THE CONSTRUCTION OF ROADS IN NEW COUNTRIES, SUCH AS COLONIES AND UNDEVELOPED 
REGIONS 


General report submitted by E. W. JAMES, Chief, Division of Highway Transport, Bureau of Public Roads, United States Department of Agriculture 


Twelve reports have been submitted on Question 3. 
The points on which agreement is most general are the 
need of complete studies of prevailing local conditions, 
the advantage of first constructing a limited system of 
main roads, the immediate expectation of motor traffic 
and the requirement of designs to accommodate it, the 
construction of temporary structures narrower than 
final plans will require, the possibility in some favorable 
localities of temporarily omitting surfacing, and the 
principle of salvaging construction. 


It is interesting to note the emphasis in some re- 
ports on the military and political aspects of colonial 
road development, but one writer definitely states that 
military roads form a poor basis for later development. 

The construction of roads in undeveloped regions of 
relatively old countries is described in several reports, 
and practically all agree that motor traffic must be 
expected and provided for in the premises. 

Management and financing are touched upon by 
several reporters and the use of a general revenue is 
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cited as required for initial work of a substantial 
character. 

Standards suggested invariably reflect modern require- 
ments for motor traffic roads. A 10-foot or 3-meter 
travel lane is preferred, but there is a marked difference 
of opinion as to whether first construction should con- 
pet of 2-lane roads or of 1-lane roads with passing 

aces, 

ALMQUIST reports for Sweden and describes the 
standards adopted by the Swedish Government for use 
in the land of the Laps in northwestern Sweden. 

Widths of surfacing are 2.5 to 3 meters. Grades are 
limited to 10 per cent. A 100-meter radius is advocated 
for curves, but radii down to 10 meters are permitted 
when indicated by topography. Bridges are 2.5 meters 
wide. Passing places are provided along the roads at 
intervals of not more than 200 meters. 

Roads built according to these standards are aided 
by financial grants amounting to 90 per cent of the cost 
by the National Government. The local communities 
pay the balance. 

BOROWSKI advocates the completion of the high- 
way net as earth roads for a country like Poland before 
hard surfacing any of the main roads. 

He cites the difficulties experienced with poll-tax 
labor, and gives actual case figures indicating the 
economy of machine methods in the eastern districts 
of Poland. 

He emphasizes the importance, of a national plan, 
and gives the standards of design adopted by the First 
Polish Road Congress and notes the policies advocated 
by the second congress. 

BRIX, reporting for Germany, refers to the political 
and military aspects of initial road construction in 
undeveloped areas. He points out that roads now 
built for the first time must be suitable for motor trans- 
port, but loads may be limited, and cites 2 to 2.5 
metric tons as the maximum permissible. 

Roads are preferred to railroads, but must correlate 
with them if they exist. Preliminary studies should 
include climate, materials, topography, soil, and_eco- 
nomic needs of region. Main routes as a skeleton 
system are to be built first. In general 2-lane roads of 
6-meter width should be designed. Surfacing may be 
narrow but must be placed to furnish all-weather service. 

Narrow bridges are satisfactory temporarily, but 
clearances should be standard for single-lane traffic. 

He describes the organization required and suggests 
financing by concessions, and believes, in general, that 
the same standards of design should be adopted as for 
road building in developed sections. 

BRUCE and others, reporting on British and British 
colonial practice, point out especially the relevancy of 
the subject of undeveloped sections of old countries, 
and indicate the requirement in such cases of a thorough 
study and plan for correlating road construction with 
existing railroads. They emphasize the need of a high 
grade of personnel in such work, of the required per- 
manence of alignment, and of sound, steady financing, 
suggesting the possibility of taxes on motor spirit and 
lubricating oils as a productive source for highway 
revenue. 

The paper suggests also the value of airplane photo- 
eraphs in reconnaissance surveys, and in connection 
with location emphasizes the need of taking advantage 
of natural drainage. 

Though temporary construction may be resorted to, 
the paper points the advisability of anticipating proper 
future bridge location and the elimination of railroad 


grade crossings. Although stating that the British 
Ministry of Transport has adopted the 10-foot unit 
traffic lane, the report indicates that widths of surface 
dictated by horse-drawn traffic are still used in several 
of the colonies. 

The report advocates the abandonment of through 
intersections of minor roads with main thoroughfares, 
and proposes staggered intersections at such places. 
For intersections of two major roads, a square island 
is suggested for the purpose of developing rotating 
traffic. These proposals unquestionably reflect ex- 
perience on a more highly developed road system in an 
older region, and from this point of view are interesting 
as details of location. 

DE JONGE, reporting from Holland, describes the 
canal and highway transportation routes in the Proy- 
ince of Drenthe. 

This was a typical undeveloped area in an exceedingly 
old country. Consisting of 266,000 hectares, the area 
had, in 1850, 82 kilometers of road; in 1928 it had 1,445 
kilometers. The rights of way were 8 meters wide 
until 1917, and are now made 10 meters wide. Sur- 
faces are 2.5 to 3 meters in width, and brick or stone 
setts are generally used. 

Tables show the rapid recovery of agricultural land 
following road development, the rapid growth of 
population, and the increase of taxation. 

DE SOLA, writing with a background of Cuban 
experience, emphasizes the value of surveys to locate 
suitable road-building materials in new countries in 
order to direct the intelligent selection of adequate 
types of surfacing and to determine economical methods 
of construction. He notes also the advantage of soil 
studies affecting the details of location. He calls 
attention to the requirement of developing the fullest 
possible use of natural drainage in fixing the location 
of new roads. 

KURTZ reporting for Argentina furnishes a tech- 
nical discussion of adequate mixtures for sand-clay 
road surfaces, basing his paper largely on Terzaghi’s 
developments. He proposes a diagram to use the 
physical composition of mixtures, based on Terzaghi 
but using a metric scale, which he proposes to standard- 
ize so that comparisons of mixtures may be made by 
mere inspection after a physical analysis has been made 
and the results charted. 

LAUZI describes the development of roads in Italian 
Colonies from the status of emergency construction for 
military purposes to the resurfacing with asphaltic 
tops of part of the permanent highway system of the 
Colonies. The use of macadam is emphasized and the 
development of local sources of stone. The road system 
is determined largely by local routes between existing 
sites, supplemented by militry routes required by the 
location of posts and camps. 

PRINYAYOGAVIBULYA, reporting for Siam, de- 
scribes the use of a cross section with reversed crown 
on new grade. This has been found useful in Siam, 
where heavy rains cause serious depreciation of new 
embankments. By this means erosion of the slopes is 
reduced; considerable rain water accumulates in the 
reversed crown, and expedites settlement of the em- 
bankments. Later, when the road is surfaced or further 
improved, a standard crown is constructed and the 
surfaces finished to usual cross section. 

SKOGSTROM, of Finland, describes as an example of 
a development road the trunk line 229 kilometers long 
across Lapland, connecting the present road system of 
Finland with Petsamo Fjord on the Arctic coast. 
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VICAIRE cites especially development in Morocco 
where transitions are made directly to motor transport 
from pack trains. Development has followed closely 
the course in France. Main roads are very direct, 
with ample radius of curvature and low grades. Mac- 
adam 11 to 15 inches thick is used. Thirty-meter right 
of ways are required in open country, and not less than 
16 meters even through settlements. Roadside plant- 
ing is early promoted, and nurseries are already pro- 
ducing trees for this use. 

Three trans-Saharan roads are projected, 
2,100 and two of 1,500 kilometers. Two are open to 
traffic; one is under construction. Connecting laterals, 
300 to 600 kilometers, are under construction. 

In Tunis the completion of circuit routes for tourist 
purposes has been found expedient as first construction 
in undeveloped desert. 

In Indo-China a principal artery 2,561 kilometers 
long has been built to penetrate a new area. Military 
trails, first used locally, show heavy loss in salvage 
value. 

In West Africa, Togoland and Kamerun, the early 
use of bituminized surface is indicated as elsewhere in 
French colonies. The construction of single well- 
located cardinal roads for purposes of penetration, 
safety, trade, and administration appears necessary and 
adequate. 

WHITE and others, reporting on the development of 
roads in well-settled agricultural areas in the United 
States, point out that any highway construction must 
advance in harmony with a “possible, sound financial 
plan. Agricultural land can not carry required charges 
for extensive road system construction, and a supple- 
mentary source of revenue must be tapped. The 
anticipation of revenues of the future by resort to bond 
issues 1s considered sound. 

Highway needs are increased by potential motor 
traffic in all regions, even the most sparsely settled 
areas. In a road system, third and second class, as 
well as first-class roads, must be made passable if they 
are to be of service. The very small amount of traffic 


one of 


indicates low-type improvement as adequate for the 
third-class group, but maintenance is needed in all cases 
to prevent ‘deterior ation. 

Increase of traffic requires the heavier improvement, 
reclassification on a higher scale, and increased cost and 
maintenance charges. Types of surface treatment 
adequate for various densities of traffic are discussed, 
and standards of gradient and curvature are indicated. 

A comprehensive highway system plan is the first 
essential. Right of ways 120 feet in width should be 
provided initially for main roads, 100 feet for secondary, 
and 60 feet for third-class roads. Directness of location 
without regard to property lines should characterize 
main roads. Only the third group of roads should 
regard ordinary land subdivisions. Alignment and 
profile should be made definite where possible: but 
surfacing should be determined by existing utilization. 

HEWES and others, referring to road development in 
the sparsely settled western portion of the United 
States, consider method of financing of first importance, 
declare the sound principles of bonding an entire area 
(national or provincial) and of taxing developed areas 
to pay for first improvements needed in undeveloped 
areas. Maintenance and secondary construction should 
be carried by local administrative units. They cite 
development in western United States where auto- 
mobile revenues have increased as a result of road 
improvements extended into undeveloped areas. Total 
motor revenues in 1915 of $2,800,000 have increased to 
$108,500,000 in same area in 1930. 

The program of construction should be developed as 
early as practicable, should consider especially agricul- 
tural production, and recognize a forecast of auto- 
motive traffic. To avoid undesirable economies in 


construction, the program should not be forced in the: 


early years. Final standards of grade and alignment 
should be introduced early. Bridges and surfaces may 
be made temporary on plans admitting salvage in 
later years. A method of oiling roads of light initial 
construction, composed of a variety of stone and gravel 
surfaces is described. 


WAYS AND MEANS OF FINANCING HIGHWAYS: (A) ROAD CONSTRUCTION, 
(B) MAINTENANCE 


General report submitted by ALVIN B. BARBER, Member American Society of Civil Engineers, Manager Transportation and Communication Department, 
Chamber of Commerce of the United States of America, Washington, D. C. 


The subjects “Finance of the Construction and 
Upkeep of Roads” and ‘‘ Provision of Revenues”’ were 
dealt with by the Third International Congress at 
London in 1913. The reports submitted in advance 
of the present congress contrast sharply with those 
submitted prior to the London Congress. The latter 
mainly considered highway systems as designed to 
carry the old forms of road transport and generally 
revealed no serious financial problems, whereas the 
predominant note in the present reports is the urgent 
need for extensive improvement, reconstruction, and 
new construction as well as better maintenance, to meet 
the demands of motor transportation. 

The conclusions reached by the London Congress 
also presented a very different point of view from that 
reflected by the several reports submitted before the 
present congress. The discussion in the finance section 
at London, ‘and the conclusions finally adopted, dealt 
chiefly with the financing of main routes of communi- 
cations and those for long-distance traffic, whereas the 
present reports indicate that the main highway systems 
in most of the reporting countries are being fairly 


well provided for, but that financial problems of great 
magnitude are being encountered in the effort to 
accommodate secondary and local roads to meet the 
necessities of motor traffic. The motor vehicle is no 
longer a luxury or the exceptional case. It is essential 
in modern highway transport. 

Where its use is well developed the motor vehicle is 
also able to pay its fair share of highway costs. In the 
sectional discussion at London a proposed declaration 
on the subject of a motor-vehicle fuel tax was rejected 
on the ground that conditions differed so much in differ- 
ent countries that no general statement on the subject 
was suitable for adoption by an international congress. 
The conclusions, however, suggested special taxes upon 
vehicles which, on account of weight or weight com- 
bined with speed or other exceptional circumstances, 
cause special damage to roads beyond the wear and tear 
of ordinary traffic. In contrast with that guarded ex- 
pression the present reports show that practically all 
countries reporting now have motor-vehicle license 
taxes, while a majority have motor-fuel taxes and that 
they anticipate further great increases in highway reve- 
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nues from these sources as the use of motor vehicles 
increases. While in some countries such revenues are 
not entirely devoted to highway purposes, the almost 
universal opinion is that they should be so applied. 

The reports also generally recognize that the benefit 
to the general public resulting from highway improve- 
ment warrants finding a considerable proportion of 
needed funds from general taxation. This is particu- 
larly true as to local roads and urban streets, since user 
revenues are generally collected and expended by or 
under supervision of the national or other higher 
jurisdictions. 

Assessment of abutting or other immediately bene- 
fited property continues but with a tendency toward 
restriction of its application to urban districts or, in 
other cases, to a portion of the increase in value result- 
ing from the improvement. 

The principle of aid to the lesser political units is 
being extensively applied either through outright sub- 
sidies to assist in developing roads of general use or 
through loans which must ultimately be. repaid by the 
smaller units. 

Another tendency shown is toward simpler classifi- 
cation of highways, the essential groups being two— 
first, those of general use serving a substantial propor- 
tion of through traffic moving within or through more 
than one local jurisdiction and, second, those of local 
use, including city streets. There is growing recogni- 
tion, however, of the responsibility of the authorities 
in charge of main highway systems for the sections of 
such systems lying within municipalities. 

Finally, following the principle briefly stated in the 
conclusions of the London Congress, there is general 
recognition of the investment character of improved 
highways which, making possible large increases in 
motor traffic, afford the basis for added revenues from 
user taxes which can be paid from the economies to 
highway users resulting from the improvements. Thus 
the issuance of bonds, under proper safeguards as to 
soundness of the highway program and its administra- 
tion, length of the loan period and assurance of proper 
maintenance, are approved as a means of financing 
improvements which can profitably be expedited. 

Reports from 11 countries have been received. With 
_ two exceptions they are from European countries with 
relatively dense population and closely knit systems. 
To bring out further views of less developed countries 
which are to be represented at the International Con- 
gress, cognizance has been taken, in preparing this 
report, of the conclusions on financing of highways 
adopted by the Pan American Highway. Congress held 
at Rio de Janeiro August 16 to 28, 1929. 

Following are certain outstanding features indicated 
by the reports from the several countries, in addition 
to which most of the reports give statistical data as to 
the amounts of the different classes of roads. 

Denmark.—In 1926 motor taxes paid about 58 per 
cent and general taxes 42 per cent of the road expendi- 
tures of four typical counties in Denmark. The taxes 
on the user consisted of a fuel tax and graduated regis- 
tration fees. 

Most of the proceeds of the motor taxes, which are 
collected by the National Government, went to the 
counties and parishes, lesser shares being allocated to 
the cities and towns and a small amount (1 per cent) 
to a fund for special works. At least half the amounts 
distributed must be used for improvement, including 
bridge strengthening, provision of clear view at inter- 
sections, and protection of railway crossings. Motor 
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taxes may be used to pay interest and amortization on 
loans for highway purposes. 

The main (county) highways are nearly finished, but 
work on the “byroads” (parish highways) is just 
beginning. 

France-—France has found difficulties in highway 
restoration since the World War. Maintenance of the 
national system, 7 per cent of the highways of all 
classes, is reported as backward. The report shows 
that the Departments, whose own highways comprise 
only 2 per cent of all highways, control nearly half of 
the communal roads and draw upon the entire author- 
ized amount of available communal resources for those 
roads, more than half of which are passably main- 
tained. The communes are thus left with inadequate 
resources for work on their ordinary vicinal roads (over 
50 per cent of the total road systems) and these are in 
an unsatisfactory state of maintenance, while the re- 
maining “rural”? roads have in many cases become 
practically impassable. 

Steps have been taken to effect a reclassification of 
all highways, taking account of traffic characteristics, 
which will result in a greater proportion of expense 
being provided by the National Government. Only 
43 per cent of the money derived from motor vehicles 
in 1928 was devoted to road expenditures, and the 
report points out that the additional National Govern- 
ment highway expenditures would be approximately 
met by allocation to this purpose of the remainder of 
the motor vehicle taxes. It is also pointed out that 


the total expenditures for highways by all jurisdictions 


(national, departmental and communal) which 
amounted to 2,252 million francs is exceeded by the 
total receipts of 2,300 million francs from all user 
taxes, including license, fuel, excise, and highway 
taxes. User taxes are mainly imposed by the National 
Government but the communes may levy on motor 
vehicles a tax equal to 17 per cent of the national tax 
and the departments up to 8 per cent. 

The French report makes but little reference to the 
use of loans as a means of expediting the provision of 
needed improved highways. 

There is a system of national subsidies to depart- 
ments and communes. Portions of through highways 
lying within municipalities are supported by the author- 
ities responsible for such highways. 

Germany.—In most of the German States the main 
highways are maintained by the States themselves; in 
Prussia by the Provinces. Throughout the country 
there are also district and town road jurisdictions. 
Each jurisdiction at present has some heavy, some 
medium, and some light traffic highways, but a re- 
classification is in progress to give to the States or 
Provinces the heavy-traffic highways in order, accord- 
ing to the report, to get them ‘“‘under the most efficient 
authorities.” 

There is little new construction except by cities and 
towns in new districts and except for a few special 
roads such as that from Bonn to Cologne and Dussel- 
dorf. Much reconstruction is, however, found neces- 
sary to meet increased traffic. It is recognized that 
the adaptation of the highway system to modern re- 
quirements has only begun. Maintenance is a first 
charge in the budget. 

General taxes are the principal source of revenue for 
highways in Germany. Motor-vehicle taxes will not 
cover more than the major part of maintenance costs 
and opposition to increase in the rate of those taxes 
is reported. They are collected by the National 
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Government and distributed to the States in fixed 
proportions and by them to Provinces, districts, and 
municipalities as decided by the States, They are 
to be applied solely on roads and bridges. State 
subsidies from the general treasury are given to Prus- 
sian Provinces. Other sources of highway revenues 
are unemployed relief funds and assessments of bene- 
fited property. Tolls are opposed as disturbing traffic. 

The report holds that general property and business 
are undesirably burdened and that it is not possible to 
make available all the funds required by the construc- 
tion program. At the present rate 32 years would be 
required to complete the highway system. Improve- 
ment of this condition and supply of the funds needed 
can only be expected from the negotiation of highway 
loans which have been tried to a limited extent in most 
of the German States. In urging such loans the report 
states that, besides benefiting the motor industry and 
business in ‘eeneral, a highway system in good condition 
unquestionably reduces maintenance costs. 

Great Britain.—In Great Britain there is no inter- 
mediate highway authority between the National 
Government and the local units. The National Gov- 
ernment does not directly engage in highway construc- 
tion and maintenance, but its Ministry of Transport 
has important supervisory and advisory powers and 
its Ministry of Health certain responsibilities as to 
bond issues of local units and local expenditures on 
national roads. 

Highway revenues come from two main sources— 
local rates (taxes) levied on the annual value of occupied 
property, and National Government grants from the 
road fund. Grants to counties are on a fixed percent- 
age basis of maintenance costs for each class of highway 
and special grants are given for new construction on a 
percentage basis. County boroughs (cities) and London 
authorities receive grants for special construction work 
but nothing for maintenance. The road fund is 
derived from general taxes and taxes on the motor 
vehicle and its use—fuel taxes and registration fees. 
Motor vehicle revenues are in part used for other than 
highway purposes but this diversion is criticized. 
Assessments on benefited property are applied only for 
street improvements. Tolls are generally being abol- 
ished but are being applied in a few major undertakings 
such as the Mersey Tunnel. 

Local construction work or extensive reconstruction 
and improvement is normally financed by bond issues 
to be liquidated out of current revenues which likewise 
take care of all maintenance costs. 

The belief is expressed that there should be the widest 
possible range of contributors to highway revenues, 
that not less than 25 per cent nor more than 75 per 
cent of the costs should be met out of general taxation, 
that the area of charge should be as wide as possible, 
that the owners of land should make special contribu- 
tions on the grounds of benefits and that the remainder 
of the costs should be shared by all users. 

Holland.—The report for Holland states that the 
increase of motor traffic since the World War has 
demanded a higher standard for most of the roads 
and has brought out the need for new main roads and 
for bridges over principal waterways. Superhighways 
costing 300,000 to 600,000 florins per kilometer and 
secondary improved roads costing 30,000 to 50,000 
florins per kilometer ere contemplated. 

Highways were reclassified in 1926 into first class 
(national), second class (provincial), and other (com- 
mune and polder). There are grants from the national 


road fund to the Provinces, whose road schemes are 
subject to approval by the national authorities. Grants 
to lesser jurisdictions are for the present given only to 
promote abolition of toll roads which are regarded as 
undesirable on account of the cost of toll collection 
and the diversion of traffic. Fuel and tire taxes are 
not approved but motor vehicle license taxes provide 
a large share of the road fund which also receives grants 
and advances from the general treasury. Motor- 
vehicle taxes are not to be applied to maintenance of 
existing roads but they should provide for most of 
construction and improvement and for any increase 
in total maintenance costs due to growth of traffic. 

Loans are used only for construction and are repay- 
able within 30 to 40 years. Without loans only half 
the first and second-class systems could be completed 
in 55 years and it would require 12 years more to finish 
the work. <A calculation has developed that capital 
invested in provincial roads during the period from 
1929 to 1944 inclusive will be entirely redeemed in 1971. 

Ireland.—The report from Ireland indicates that its 
plan of road administration by county and city councils 
is substantially the same as during the British control. 
The National Roads Department does not carry on 
construction or maintenance but distributes grants for 
the improvement and for a portion of the maintenance 
of main roads and exercises a degree of supervisory 
authority. All main roads are reported as in good 
condition. 

Motor-vehicle taxes provide the national road fund, 
while general taxes are the source of revenue for 
county roads. Loans have been used to some extent. 

Italy —The Italian report emphasizes the financial 
difficulties met by Italy and other nations in providing 


for the enormous growth of highway traffic and de-— 


scribes the complicated relationships, sharing of costs, 
and distribution of subsidies which have prevailed in 
Italian highway work. It points out that the interest 
of the National Government in the main highway 
system, which was turned over to the Provinces upon 
the advent of the railways, has revived since the 
coming of motor transportation. An autonomous na- 
tional highway administration (A. A. S.) was 
created in 1928 to control the national system of 
20,000 kilometers of main roads which carry two-thirds 
of the total motor traffic. A reclassification of the 
remaining highways is expected under which the 
Provinces will provide for secondary and local roads, 
except in cities and towns, subject to increased super- 
vision and allotment of funds by the A. A. S. 8S. The 
report recommends that sections of through roads 
lying within cities or towns be entirely paid for by 
the national or provincial government in charge of the 
particular road, instead of only repaving costs and part 
of the maintenance costs as at present. 

Construction costs are paid out of general revenues 
and user taxes (license fees) cover only maintenance 
and improvement. Recently motor-vehicle revenues 
have been collected solely by the National Govern- 
ment, the Provinces and communes retaining only the 
right to tax animal-drawn vehicles. The A ARCME! 
has revenues from a variety of sources, including motor- 
vehicle taxes, fines, surface and subsoil privileges, 
advertising rights on highways outside cities, levies on 
industries using the highways, assessments on incre- 
ment in value of property due to improvements, and 
annuities (loans). 

Assessments have been applied chiefly in cities but 
provision has been made for their application else- 
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where, particularly in reclamation projects (except in 
southern Italy). Toll roads are generally being elimi- 
nated. Loans have been extensively used by Provinces 
and local jurisdictions, 

With regard to the Milan-Italian Lakes autostrade, 
established as a private toll road with a contingent 
guaranty of the company’s bonds by the Government, 
the report states that until now it has not been neces- 
sary for the Government to pay anything under this 
guaranty. For other autostrades, including two com- 
pleted, two under construction and several projected, 
the Government goes further by making construction 
loans to the concessionaires. This aid is in addition to 
outright subsidies given by local administrations. The 
report finds in these more generous methods no con- 
tradiction to the conclusion of the Milan Congress 
which, the report points out, did not exclude Govern- 
ment subsidies necessary to attract private capital to 
an enterprise of recognized public utility. 

Siam.—The report from Siam shows that highway 
construction and maintenance are generally financed by 
the State. Definite provision for maintenance is made 
in the national budget. 

The policy has been to develop feeder roads to the 
railways and waterways in preference to trunk high- 
ways parallel thereto but the ultimate development of 
a national highway system with local roads under 
provincial control is envisaged. 

Spain.—The specially surfaced roads of Spain were 
constituted as a national system (Circuito) by royal 
decree of February 9, 1929, and will be administered by 
a commission having citizen as well as official repre- 
sentation. The sections of these roads in cities are 
included in the national system. 

Sources of revenue for the Circuito are derived from 
general taxes, special taxes on vehicles and a share of 
the license taxes, poll taxes levied against the munici- 
palities, special taxes on motor carriers and revenue 
from the sale of land along the road. General taxation 
provides approximately 75 per cent of the highway 
income and motor vehicle taxes nearly all of the 
remainder. A very large proportion of improvement 
and maintenance costs for the next 10 years is to be 
financed from an advance from the general treasury. 

The motor vehicle license taxes are distributed 25 
per cent to the National Government, 25 per cent to 
the Circuito, 15 per cent to the Provinces, and 35 per 
cent to the municipalities. The need for largely in- 
creased funds for highway purposes is recognized in the 
report which recommends, among other things, fuel, oil, 
and tire taxes for exclusive application to highway uses. 
It is regarded as an important principle that the high- 
way users through their organizations should have a 
voice in the administration of the funds contributed by 
them. 

Sweden.—The report from Sweden recognizes the 
road problem as one of the most important questions in 
the country and states that nation-wide improvement 
of the heavy traffic main roads and the trunk highways 
of several cities is necessary in order to decrease their 
annual maintenance costs, increase their traffic capacity 
and decrease transportation costs. The report develops 
detailed figures as to the costs of construction and 
maintenance of different types of highways, showing 
that for heavy traffic the higher types are more eco- 
nomical and justify extensive capital investments. 

United States—The report from the United States 
points to the bond plan and the ‘‘pay-as-you-go”’ plan 


163 


ROADS 


as the two principal methods of financing the cost of 
highway improvements in the United States, neither 
method being used in any State to the exclusion of the 
other. While the bond method involves greater total 
cost, the income produced by the economic improve- 
ment more than offsets the interest cost. The public 
benefits by reduced motor vehicle operating costs and 
by quickening of economic and social life. Recent 
State bond issues are generally retired from motor 
vehicle taxes, local highway bonds from general prop- 
erty taxes. ‘‘Funds raised from bond issues,’”’ states 
the report, ‘‘should be expended only for road improve- 
ments of a relatively permanent character; the main- 
tenance of the improvement should be assured before- 
hand; and adequate provision should be made for 
interest payments on the bonds and for their retire- 
ment as early as possible.” 

The report further declares that bonding should not 
be resorted to except to the extent that may be neces- 
sary if highways can not be built from current funds 
by the “pay-as-you-go” plan. There is caution 
against too high type of construction not justified by 
traffic, especially when bond issues therefor are author- 
ized through popular referendum; also that it is easier 
for government units to run into debt than to get out 
of it. Necessary highway improvements, however, 
under honest and efficient expenditure bring such 
benefits that either bond or ‘‘pay-as-you-go”’ method, 
whichever may be necessary for a given improvement, 
is justified. 

The report points out the increasing part of highway 
income formed by motor-vehicle revenues, being used 
principally for maintenance and in many cases for 
interest and amortization of highway bonds. License 
fees and gasoline taxes are preferred to tolls as a means 
of collecting contributions from highway users. 

The report includes three papers—Financing High- 
ways with Bonds, Highway Finance by the Pay-as- 
You-Go Plan, and Motor Vehicle Revenues as a Source 
of Highway Finance—which present much detail. 

The first paper shows that highway bonds have been 
issued by 31 of the 48 States of the United States and 
by many counties and local units. There are no 
Federal highway bonds. The bonds are usually of 
two types, serial or sinking fund, with increased 
preference for the serial type. Eight outstanding 
advantages of bond financing are presented, and two 
inherent objections to the financing of highways solely 
from current income. 

The second paper, while recognizing that some bond- 
ing will generally be necessary ‘and advisable, presents 
the viewpoint of those who advocate following the 

“pay-as-you-go” plan to the maximum practicable 
extent and outlines the objections to bond issues. 

The third paper presents figures showing the increas- 
ing share which motor-vehicle revenues, exclusive of 
property taxes, contribute toward the total highway 
expenditures (46 per cent in 1928) and briefly explains 
the theory of taxing the two groups benefited by 
highway improvements, i. e., the general public and 
the highway users. 

Attached to the report is an appendix containing a 
statement of the principles of highway administration 
and finance adopted by the American Association of 
State Highway Officials on November 20, 1924. The 
report states that, while wide variance in highway 
development in the different States prevents adoption 
of uniform policies of highway finance, the basic 
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principles contained in the statement, which were 
developed through experience in the United States, 
may perhaps be ‘cenerally applied. 


CONCLUSIONS 


1. The motor vehicle with increasing use creates de- 
mand for large expenditures for reconstruction and 
improvement of existing highways to new standards, 
construction of new highways and effective maintenance 
of all improved highways. It justifies such expendi- 
tures through improved economy and efficiency of 
transportation within areas previously served by high- 
way transport and through extension of economic 
commercial and social access to new and wider areas. 

2. No country has as yet approached completion of 
its major highway system to the new standards and all 
countries face heavy demands for greater attention to 
accommodating their secondary and local roads to 
the needs of motor traffic. Though differing widely 
in character and degree in different countries, the 
problems of highway finance are universal and urgent. 

3. To meet the large financial problems involved and 
to secure the fullest and quickest benefits from the new 
form of transportation, it is specially important that 
highways programs covering a period of years be set up 
well in advance and carefully budgeted. Adjustments 
to meet changing conditions and improved methods can 
readily be made as developments may require. 

4. To facilitate financing and administration, and as 
a guide in determining the kind and extent of improve- 
ment, all highways should, as far as practicable, be 
classified according to the characteristics of their 
prevailing traffic as to origin, destination, and im- 
portance. Classifications usually applicable are: 

(a) General use highways: 

(1) Main or national highways. 

(2) Secondary, departmental, provincial or, 
in countries of smaller geographical 
area, county highways. 

(b) Local highways: 

(1) Local, vicinal, or communal roads. 

(2) Urban streets, including sections of 
main or secondary highways. 

(c) Special highways: Military roads, autostrades, 
etc. 

The first group includes the highways of general use, 

e., highways which receive traffic from a number of 
local roads or from a city or town and carry a con- 
siderable proportion of traffic into or through more 
than one rural jurisdiction. Every public highway 
should be definitely assigned to the appropriate class, 
and responsibility therefor should be fixed upon the 
authorities of the proper political unit. 

5. In countries of vast area and sparse population 
financial limitations and traffic needs may direct 
primary attention to early development to minimum 
all-year standards of highways of secondary or local 
character to give access to rail or water transport lines. 
As highway development progresses, however, such 
secondary and local systems tend to integrate and 
through routes become identified with consequent 
demand and financial justification for higher type con- 
struction. It is important in the interest of ultimate 
economy that the requirements of the future main 
highway systems be considered in planning earlier 
highway development. 

To promote efficiency of programming and admin- 
vases highway authorities of higher jurisdictions 
should have actual supervisory or advisory relationship 
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to the lower jurisdictions. The granting of subsidies 
or loans by the national to the lower jurisdictions 
under suitable conditions is an effective means of exer- 
cising the desired influence and of assuring financial 
possibility of carrying out highway programs in charge 
of lower jurisdictions having aspects of national con- 
cern, including special attention to undeveloped sec- 
tions. 

7. Provision for systematic maintenance of all high- 
ways after improvement is an essential feature of a 
sound highway program. If proper types of highways 
in relation to the character and volume of traffic are 
provided, maintenance costs should be less than with 
inadequate highways handling the same traffic. In 
making provision for maintenace, however, it should 
be borne in mind that traffic on improved highways 
tends to increase rapidly and, while the improvement 
thus benefits the users, it may increase the total of 
maintenance costs. For this reason maintenance of 
improved highways of general use, or at least any in- 
crease over the former normal maintenance costs, should 
be regarded as a first charge upon the user revenues. 

8. The cost of constructing, improving, and maintain- 
ing adequate highway systems should be distributed 
equitably in relation to the direct and indirect benefits 
derived, taking into consideration the taxable capacity 
of those benefited. Wide difference of conditions and 
institutions in various countries makes it impossible 
to establish any fixed formula for general application 
but certain conclusions based on recent trends can be 
stated: 

(a) Due to the benefits to society, business, and prop- 
erty in general the application of general tax revenues 
to highway purposes should continue, the amounts 
being dependent upon the needs for highways, the funds 


available and the demands for other purposes in the’ 


public budget. General taxes, carrying as they do a 
direct accountability to public opinion for efficient 
expenditure, are a particularly appropriate source of 
revenue for work on local roads, including urban 
streets. 

(b) Assessment of abutting property should continue 
in urban areas but in agricultural areas only in propor- 
tion to actual benefit from the degree of improvement 
useful to such property. Thus where highways have 
been brought up to the standard needed for agricultural 
uses, special assessments on such land should where 
practicable be abandoned. Certain countries have 
already relieved agricultural lands of all taxation for 
highway purposes. 

(c) Up to the limit where they become an undue 
burden upon users of the highways, user taxes, including 
license fees and fuel taxes, afford an important and 
increasing source of highway finance. If such taxes are 
made unduly high, or if the burdens upon vehicle own- 
ers are unnecessarily increased by excessive import 
duties in predominantly agricultural, nonmanufactur- 
ing countries, they tend to bring to bear the law of 
diminishing returns as well as to deprive the public of 
the benefits of normal development of motor transpor- 
tation. For the same reasons user taxes should be 
applied exclusively for highway purposes. To provide 
uniformity over reasonable areas they should be imposed 
only by one of the higher jurisdictions. To maintain 
the sense of responsibility for collection and expen- 
diture, they should in principle be expended by or 
under supervision of the collecting jurisdiction and, at 
least for the present, only on highways of general use 
(including the sections thereof within municipalities). 
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9. Because of the prevailing inadequacy of financial 
resources to permit prompt completion of highway 
systems corresponding to the economic requirements of 
motor transportation and because of the investment 
character of improved highways from which experience 
shows increasing returns in the form of user taxes may 
be expected, bond i issues for highway construction and 
improvement are desirable in most countries. Such 
bond issues should, however, be limited to actual 
requirements for economically justified construction or 
improvement projects, under sound administration and 
with subsequent maintenance provided for out of cur- 
rent revenues. The bonds, if based primarily on user 
revenues for interest and redemption, which according 
to experience can be fully covered by such revenues 
under favorable conditions of highly developed motor 
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transport, should nevertheless be backed by the full 
credit of the State. Bonds should be serial in form with 
maturities so arranged that annual requirements of 
principal and interest will be as nearly uniform as 
practicable. As more than half the cost of any highway 
represents grading, drainage, structures, engineering, 
rights of way, etc., "which are of practically ‘indefinite 
life, and as the other portions have life well beyond the 
period of amortization thereof under the serial form, 
the term of bonds for construction of main highways 
may be 30 years and for improved secondary highways 
20 years. When the needs for expedited highway con- 
struction and improvement have been met, the use of 
bond issues should be discontinued and the pay-as- you- 
go basis followed, especially in cases where capital 
expenditures recur in each annual budget. 


AND COORDINATION WITH OTHER MEANS 


OF TRANSPORT; ADAPTATION TO COLLECTIVE (ORGANIZATIONS) AND INDIVIDUAL 


USES 


General report submitted by HENRY R. TRUMBOWER, Professor of Economics, University of Wisconsin; Economist, U. S. Bureau of Public Roads 


Highway transportation has in the last decade be- 
come firmly established in the general scheme of trans- 
portation in the important and progressive countries 
of the world. The people and government agencies 
of the several countries are beginning to investigate the 
possibilities of the coordination in the movement of 
persons and commodities by highway on the one hand 
and by rail, water, and air on the other. The coordina- 
tion of rail and highway transportation is the more 
pressing problem. The development of highway trans- 
portation through the use of the motor vehicle has not 
been of equal intensity in all countries. To the degree 
that this development has gone on in a country to that 
extent has the problem of the coordination and correla- 
tion of highway, and rail transportation facilities become 
the more pressing in its demand for a solution based 
upon broad economic and scientific principles so that 
the public as a whole may enjoy the maximum benefits 
of all of its transportation agencies. 

Transportation by highway and transportation by 
rail are partly complementary and partly distinct serv- 
ices. Each one must be judged on its own merits. 
The considerations which govern the one are not the 
same as the considerations which govern the other. 
One can not be placed in a subordinate position as com- 
pared with the other. 

In considering this problem of coordination it must 
be recognized that common carriers of both passengers 
and freight constitute but a very small part of the total 
highway traffic. Private automobiles, in the United 
States for instance, are handling most of the total 
travel and have taken from the railroads more than two- 
thirds of their local passenger business. Where such a 
condition occurs public authorities should permit the 
railways to adjust their train schedules so as to reduce 
passenger train miles as much as possible. Railroads 
find it advantageous to substitute for unprofitable 
trains busses owned by them or operated by one of their 
affiliated companies. 

Bus operation, whether carried on by a railway com- 
pany or by an independent operator, must be conducted 
as a regulated monopoly. Excessive competition re- 
sults in less adequate service, with unnecessarily low 
rates, which aggravate the loss to competing railway 
lines. 


In certain situations it is found that the small 
amount of traffic that highway common carriers might 
draw from the railways is largely compensated by the 
feeder service which they afford to main lines of rail- 
roads. This is especially true in mountainous countries 
where railway construction is extremely expensive. 
There the automobile, by superseding the old and 
slow means of transport, has brought about a revolu- 
tion in traffic and has caused such regions to be better 
developed industrially and commercially. 

In considering the various proposals for a closer 
coordination between rail and highway carriers, one of 
the following three plans is usually followed: 

1. Voluntary cooperation between railroad com- 
panies on the one hand and operators of busses and 
common-carrier trucks on the other. 

2. Inauguration of highway services by the rail- 
road companies or obtaining financial control by the 
railroads of highway carriers. 

3. Quasi-legal coordination with obligation placed on 
the different transport companies to agree to the 
creation of a system of cooperative operation and in 
case agreement is not reached the enforcement of com- 
pulsory coordination by governmental authority. 

Motor-truck operations present a different problem 
from that of automobiles and busses because the 
freight carried by a truck might otherwise be hauled 
in a train, while passenger cars, including busses, 
have created an entirely new traffic a part of which 
railways never could have created or handled. On the 
other hand, it must be observed, trucks operating over 
good highways act as agencies for gathering freight 
which serve to increase the productivity of the farm- 
ing areas and relieves the railways of short-haul freight 
upon which little or no profit could be made. 

Common-carrier truck operations, as a whole, have 
not been profitable due to the competition of private 
and contract trucks. Common carriers of freight on 
the highways handle such a small part of the total 
traffic that the field does not appear sufficiently at- 
tractive for railways as a general proposition. 

The average motor-truck trip is considerably shorter 
than the average passenger-automobile trip. Few 
hauls by truck exceed 100 miles and generally three- 
fourths of all movements are under 30 miles. These 
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results are shown by highway traffic surveys. The 
situation is quite different with respect to passenger- 
car operations. Surveys indicate that while nearly 
or about half of all passenger-car trips are under 30 
miles in length, almost if not quite 25 per cent are 
longer than 100 miles. 

Because of the peculiarity of highway traffic being 
free from specific road charges it is not possible without 
special effort to measure its volume as is done with 
railroad and other types of traffic. Estimates based 
on certain studies and investigations have to suffice. 

For the further development of highway transporta- 
tion that traffic should be financially self-sustaining. 
Monetary subsidies on the part of the State or of private 
interests should arise only in the opening up of certain 
regions or sections of country which are destitute of 
traffic. Otherwise, the motor vehicle should be in 


]. TRAFFIC REGULATION 


IN LARGE CITIES AND THEIR SUBURBS; 





position to bear its own expenses and taxes in so far as 
they may be considered fair to the motor vehicle. 
This is true in particular with reference to the contri- 
bution for the maintenance of roads which the motor 
vehicle makes by the payment of motor-vehicle taxes. 
In this regard, it should be kept in mind that the high- 
ways are also at the service of other users and therefore 
the entire costs can not be imposed on the motor 
vehicle alone. Taxes should be measured very largely 
by the use made of highways and should not be such 
as would arbitrarily prohibit the use of the highways. 

Railways and roads are now capable of rendering a 
service in excess of the traffic requirements of a given 
area. Cooperation between railroads and automobiles 
is one of the great requirements of the age. It is, how- 
ever, much easier to demand a solution of the railroad- 
automobile problem than to present one. 


TRAFFIC SIGNALS; 


DESIGN AND LAYOUT OF ROADS AND ADAPTATION TO TRAFFIC REQUIREMENTS IN 


BUILT-UP AREAS 


2. PARKING AND GARAGING OF ROAD VEHICLES 


General report submitted by DR. MILLER M’CLINTOCK, Director Albert Russel Erskine Bureau for Street Traffic Research, Harvard University, 
Cambridge, Mass. 


The contro! of street traffic in urban areas is generally 
recognized as a problem of great and growing impor- 
tance, affecting vitally public safety and community 
economics. Relief is to be found in improved types of 
regulation and in a better design of physical facilities. 


TRAFFIC REGULATION 


The physical and financial difficulties involved in 
street reconstruction make it imperative that chief 
reliance be placed upon traffic control measures for the 
improvement of conditions in built-up areas. 

Umformity—The rapid growth of intercity and 
international automobile traffic requires that serious 
attention be given to the question of uniformity in 
order that confusion may be avoided. Several coun- 
tries are making definite progress toward national 
uniformity. A general similarity in the rules of the 
road would appear to make an international uniform 
code a practical possibility at the present time. 

Basis for special regulations —The design of traffic 
regulations to meet special local requirements demands 
careful investigation. Control measures based on 
guesswork may have serious economic consequences. 
Where properly applied, control measures have proved 
their ability to correct many difficult conditions. The 
design of regulations should be the responsibility of a 
competent technical agency of the Government. So 
far as possible traffic difficulties should be anticipated, 
studies made and regulations drafted, before conditions 
become critical. 

Types of relief regulation.—For the improvement of 
conditions in congested districts emphasis is placed upon 
the use of rules to control pedestrians, to exclude cer- 
tain types of obstructive traffic, to limit or prohibit 
parking, to provide better alignment of traffic, and to 
give the most efficient routing to traffic of all classes. 


TRAFFIC SIGNALS 


This title has been interpreted as including signs for 
the purpose of informing, warning and directing traffic, 
as well as signals used “for the purpose of alternating 
traffic movements at intersections. 


Uniformity —The growing necessity for national and 
international harmony with respect to the design and 
use of traffic signs and signals is generally recognized. 
At present national standards with respect to signs 
show great variations. There is, however, an under- 
lying harmony in principle. Thus all reporters em- 
phasize the importance of shape, color, and symbols 
rather than text for the conveying of sign messages. 

Practice with respect to traffic control signals shows 
a definite tendency toward uniformity. While there 
are several exceptions optical signals using the three 
colors, red, yellow, and green are generally favored. 


Flexible progressive timing is noted by several reporters — 


as the most efficient type of coordination for signals 
located in congested districts. 

Application. “The effectiveness of traffic signs and 
signals depends to a large degree upon the manner in 
which they are used. Adequate plans can not be de- 
signed by inexperienced persons. The function should 
be exercised by a competent public agency with tech- 
nical experience. 


DESIGN AND LAYOUT OF ROADS 


The problems introduced by the automobile both 
with respect to volume of traffic and characteristics of 
movement have rendered street systems in built-up 
areas incapable of performing their services in an 
effective manner. For a correction of these difficulties 
emphasis is placed on details of design rather than upon 
comprehensive replanning. 

Cross-section design.—The relation of width to effec- 
tive traffic capacity is a mooted question. Decisions 
range from a conclusion that major streets can scarcely 
be too wide, to a belief that too generous widths have 
been used in the past. Similarly there is no general 
consensus of opinion as to proper lane widths. 

It is recognized that there is a growing necessity for 
an accurate distribution of available roadway widths 
to the various classes of traffic demands and that 
where possible this division should be accomplished by 
the character of the design and construction. Traffic 
streams moving in opposite directions should be 
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separated by a neutral strip. Street car and auto- 
mobile traffic should be protected from mutual inter- 
ference by a physical separation of their operating 
lanes. Where possible, fast and slow traffic should be 
allocated to different operating areas. 

Intersection design.—Several reporters express the 
belief that typical street plans provide too many inter- 
sections along main routes of travel and that future 
planning must provide less frequent access. All recog- 
nize intersection design as a critical problem in traflic 
difficulties. 

Rotary traffic or provision for indirect, roundabout 
It is 
generally accepted, however, that at the more heavily 
traveled intersections an actual separation of roadway 
grades will be desirable and ultimately necessary. 
Where a series of such intersections exists in close 
proximity this proposal leads logically to an entire 
elimination of grades through an elevation or depression 
of the main route. In highly congested districts the 
ultimate development suggested is a separation of rail, 
automobile, and pedestrian traffic by the use of three 
distinct levels. 


General layout—Planning should be based on a broad 
view of city and regional requirements substantiated by 
competent factual studies. In addition to adequate 
radial streets, the system should be provided with by- 
pass routes around the central congested areas and 
likewise with highway routes around ‘the entire city so 
that through traffic may avoid the use of streets required. 
for local traffic. 


PARKING AND GARAGING OF ROAD VEHICLES 


Parking is generally recognized as a secondary and 
inferior use of public streets and one which may be 
restricted or prohibited when it interferes with travel 
requirements. The elimination of all parking in con- 
gested business districts is a definite probability in view 
of growing traffic demands. The importance of parking 
from the standpoint of automobile use and business 
operations makes it imperative that alternative terminal 
facilities be provided. 

Current developments indicate that such facilities will 
be supplied as demand arises In public or private park- 
ing lots or garages. 


INTERNATIONAL ROAD CONGRESS ADOPTS GENERAL 
CONCLUSIONS 


the Sixth International Road Congress were con- 

sidered and debated in section meetings on Tues- 
day, Wednesday, and Thursday of the week of the 
congress, October 6 to 11. In these meetings the con- 
clusions suggested by the general reporters were dis- 
cussed, and various revisions and amendments were 
offered. The conclusions reached their final form in 
the section meetings of Thursday, and were submitted 
to the plenary session of the congress held at 2 p. m., 
Friday, October 10. The conclusions relative to the six 
questions which constituted the agenda of the congress 
are here printed in the form in which they were adopted 
at this plenary session. 


r ‘HE papers submitted by the general reporters to 


QUESTION 1-A: RESULTS OBTAINED BY THE USE OF CEMENT 


1. Cement is becoming generally used as a paving 
material and has many inherent advantages. Rapid- 
hardening cement has special advantages in particular 
circumstances. 

2. Cement has been used successfully in the construc- 
tion of cement concrete base courses for other surfaces, 
for cement concrete pavements, and for cement-bound 
macadam. 

3. Cement concrete pavements and also cement 
concrete base courses protected by appropriate wear- 
ing surfaces are suited to heavy traffic. 

4. Where a large volume of steel-tired traffic is en- 
countered, if cement concrete is adopted as a pavement 
material, a 2-course pavement with the upper layer com- 
posed of very hard aggregates should be used instead 
of a single-course pavement. 

5. Single-course pavements have successfully carried 
maximum volumes of traffic and maximum wheel loads 
when the traffic was largely rubber tired. 

6. Cement-bound macadam has been successful on 
roads carrying light traffic not inimical to the macadam 


type of construction. This method seems especially 
advantageous in locations where the condition of 
drainage or exposure are unfavorable to the use of ordi- 
nary water-bound macadam. A protective wearing 
surface seems equally indispensable on cement-bound 
and water-bound macadam. 

7. In designing cement concrete pavements and 
cement concrete base courses to be surfaced with other 
materials the resulting pavements should have equal 
load-carrying capacity or structural strength, when 
similar traffic conditions are to be met. 

8. Competent engineering supervision of design, 
construction, and maintenance of cement concrete 
pavements is necessary to insure good results. 

9. It is desirable that subgrades be uniform and 
stable. 

10. Pavement slabs must be designed to carry 
expected loads. Edge thickening is advantageous as a 
means of producing an economic and balanced struc- 
tural design for concrete pavement slabs. 

11. Longitudinal and transverse joints are commonly 
used and must be designed to meet traffic, subgrade, 
climatic conditions, and shrinkage of concrete, but in 
view of the fact that a number of concrete roads have 
been successfully constructed without joints, it is 
advisable that further research should be made on the 
whole subject of joints and cracks. 

12. Scientific design of concrete mixes and weight 
proportioning of aggregates represent the most modern 
practice. 

13. Construction operations are performed mostly 
by machinery, with resulting Jower cost and better 
workmanship. The value of a cement concrete road- 
way depends to a large extent on the perfect execution 
of the work and, in particular, on the homogeneity of 
the concrete. 

14. Thorough curing of concrete surfaces is essential. 
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15. Maintenance of concrete surfaces, properly con- 
structed, is relatively simple and reasonable in cost. 
In particular, maintenance should comprise immediate 
filling with suitable material of the expansion joints and 
of any cracks which may occur. 


QUESTION 1-B: RESULTS OBTAINED BY THE USE OF BRICK OR OTHER 
ARTIFICIAL PAVING 

Brick paving.—Subject to suitable foundation, brick 
on edge will make satisfactory paving for light, medium, 
or heavy traffic according to the country in which it is 
used. 

Specifications and tests for paving bricks should be 
prepared and submitted to the next Congress, with a 
view to standardization. 

Rubber paving.—Rubber block paving has had limited 
application so far. It is, however, a silent paving and 
suitable for certain positions in large towns. 

Research should therefore be continued in the follow- 
ing directions: 

(a) Most suitable quality of rubber for street paving. 

(b) Most suitable type of block and method of laying. 

(c) Production and method of application of a suit- 
able joining material. 

(d) Reduction of costs. 


QUESTION 2: THE MOST RECENT METHODS ADOPTED FOR THE USE 
OF TAR, BITUMEN, AND ASPHALT IN ROAD CONSTRUCTION 


1. Tar, bitumen (asphaltic bitumen), and asphalt 
are suitable materials for use in the improvement of all 
classes of roads, subject to the limitations imposed by 
the characteristics of the material, the intensity of 
traffic, and local physical conditions. It is especially 
desirable to note the extended use in recent years of 
superficial coatings, in particular those effected with 
emulsions. Certain governing conditions generally 
recognized are: 

(a) The use of the correct grade and amount of 
bituminous binder for the particular type of work and 
ageregates to be used. 

(b) Suitable aggregates, correctly graded. 

(c) Provision for prompt maintenance. When the 
foundation is adequate and when the surface can be 
maintained at reasonable cost, an advantage of the 
types of roads built with these materials is that they 
can be kept in good condition by maintenance of the 
surface without the need of extensive repairs to the 
foundation. 

(d) Proper porportions of the constituent materials, 
thorough mixing and thorough compacting. 

(e) Competent technical supervision of design, con- 
struction, and maintenance. 

(f) Slipperiness. Attention should be given to the 
reduction of slipperiness. In some cases valuable re- 
sults have been attained by the following methods: 

(1) Adoption of suitable compositions containing 
the maximum permissible proportions of large aggre- 
gate. 

(2) The rolling of plain or precoated chippings into 
newly laid surfaces. 

(3) The use of minimum practicable camber of sur- 
face and proper degree of superelevation on curves. 

(4) Treatment of existing surface with a suitable 
surface dressing compound, covering with coarse hard 
ehippiney and Tolling. 

The need for research into the fundamental factors 
eos ed in the use of tar, bitumen, and asphalt in road 


improvement and maintenance is recognized. The at- 
tention of the Members of Congress is especially di- 
rected to needs as follows: 

(a) Research into the constitutions and characteris- 
tics of bituminous materials and their combinations 
with other materials, with proper study of their appli- 
cation in the treatment of earth roads. 

(6) Improvement of mechanical equipment for use 
with these materials and their combinations with min- 
eral aggregates. 

(c) ‘Research into factors affecting the durability and 
serviceability of roads, such as climate, subsoil, traffic. 
density, and road design. 

(d) Data on economic factors, such as— 

(1) Cost of transportation over various road types, 
including vehicle operation costs and roadway costs, 
with proper study of their application in the treatment 
of earth roads. 

(2) Relation between maintenance costs and intensity 
of traffic for various road types. 

3. In order that mutual understanding and helpful- 
ness may be promoted, there is need for an interna- 
tional classification of materials, combinations of ma- 
terials, construction methods; and road types which will 
correlate the terms in use throughout the world, both 
commercial and scientific. 


QUESTION 3: THE CONSTRUCTION OF ROADS IN NEW COUNTRIES, 
SUCH AS COLONIES AND UNDEVELOPED REGIONS 

1. It is desirable, in the first place, to form a central 
body with legal authority to coordinate and assist the 
general planning of the road communications of a 
country and the acquisition or reservation of necessary 
land. 

2. The perfection which has been attained in the 
building of automotive vehicles often permits highways 
to render service in the exploration and development 
of new territories which formerly could be rendered 
only by railways. 

3. The highway has over the railway the advantage 
of allowing the expense of construction and maintenance 
to be made proportionate to the importance of the traffic 
to be served. The present-day automobile being able 
to run on very difficult roads, at the beginning we can 
establish simple trails by nothing more than a primitive 
working over of the natural soil, the structures which 
are necessary being only those over permanent water- 
courses which can not be forded. The road will ulti- 
mately be improved by the construction of a roadway 
provided with an appropriate surfacing, and the con- 
struction of structures for crossing streams and valleys 
in proportion as the development of traffic makes 
available new resources for the execution of the work. 

4. Adequate land should be acquired to provide for 
the eventual and ultimate expansion of the traffic as 
far as can be foreseen. 

5. Before any actual construction is begun it is 
essential that the general highway layout should be 
prepared with due regard to the ultimate requirements 
of the permanent road system. 

6. In countries of low density of population and 
where the construction of a large mileage of roads 
adequate even for light traffic is limited by the scarcity 
of available funds it is deemed advisable to adopt the 
progressive system of construction by stages. Every 
endeavor should be made to insure that the initial 
alignment, grading, and subsequent surfacing should 
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be such that all work executed should be capable of 
being ultlized in the ultimate development of the road 
structure. 

7. In the first instance the actual traveled way should 
be so constructed as to be passable for motor traffic, 
but as economically as possible. 

8. Locations in cut should be avoided when they 
have disadvantages from the point of view of drainage, 
and light fills are to be preferred. 

9. Where traffic is ight in numbers and unit weight 
earth roads have proved economical and satisfactory, 
but to conserve the surface of such roads until they 
can be improved, it is essential to restrict the weight 
per unit width of tire and speeds of individual vehicles 
to such an extent as may be necessary to prevent undue 
erosion or disintegration of the road surface. 

10. For the establishment of roadways a width of 3 
meters per traffic lane should be required. On struc- 
tures a width of 3 meters, or even multiples of 3 meters, 
should be reserved for traffic. 

It is recommended that from the beginning two-lane 
roadways be provided on important structures, at least 
in so far as the foundations are concerned. 

11. Uniformly of design throughout the length of a 
location should be attained by avoiding heavy grades 
and sharp curves in stretches of road which in general 
do not contain them. 

Some tests of mechanical grading of the roads 
have been made in desert regions; it is desirable that 
these tests be continued. 

13. It is desirable also that systematic research be 
undertaken to determine the physical properties of 
mixtures of clays and sands which constitute the 
natural soils including soils containing hygroscopic 
salts, with a view to collecting useful data for the con- 
struction of earth wearing surfaces, appropriate for 
economic service in little developed regions having 
available few resources. 


QUESTION 4: WAYS AND MEANS OF FINANCING HIGHWAYS: (A) ROAD 
CONSTRUCTION; (B) MAINTENANCE 


1. The motor vehicle with increasing use creates 
demand for large expenditures for reconstruction and 
improvement of existing highways to new standards, 
construction of new highways and effective main- 
tenance of all improved highways. It justifies such 
expenditures through improved economy and efficiency 
of transporation especially within areas previously 
served by highway transport and through extension of 
economic, commercial, and social access to new and 
wider areas. 

2. No country has as yet approached completion of 
its major highway system to the new standards and 
all countries face heavy demands for greater attention 
to accommodating their secondary and local roads to 
the needs of motor traffic. Though differing widely in 
character and degree in different countries, the prob- 
lems of highway finance are universal and urgent. 

3. To meet the large financial problems involved and 


_ to secure the fullest and quickest benefits from the new 


form of transportation, it is specially important that 
highway programs covering a period of years be set up 
well in advance and carefully budgeted. Adjustments 
to meet changing conditions and improved methods 
can readily be made as developments may require. 

4. To facilitate financing and administration, and as 
a guide in determining the kind and extent of improve- 
ment, all highways should, as far as practicable, be 


classified according to the characteristics of their pre- 
vailing traffic as to origin, destination, and importance. 
Classifications usually applicable are: 
(a) General-use highways (including urban streets which form 
part of such highways): 
(1) Primary or national highways 
(2) Secondary, departmental, provincial or, in countries 
of smailer geographical area, county highw ays. 
(6) Highways of local interest: 
(1) Local roads. 
(2) Urban streets (except as indicated in subparagraph 
(a) above). 


(c) Special highways: Military roads, autostrades, etc. 


The first group includes the highways of general use, 
i. e., highways which receive traffic from a number of 
local roads or from a city or town and carry a consider- 
able proportion of traffic into or through more than one 
rural jurisdiction. Every public highway should be 
definitely assigned to the appropriate class and responsi- 
bility therefor be fixed upon the authorities of the proper 
political unit. 

5. In countries of vast area and sparse population 
financial imitations and traffic needs may direct pri- 
mary attention to early development to minimum all- 
year standards of highways of secondary or local 
character, to give access to rail or water transport lines. 
As highway development progresses, however, such 
secondary and local systems tend to integrate and 
through routes become identified, with consequent 
demand and financial justification for higher type con- 
struction. It is important in the interest of ultimate 
economy that the requirements of the future main high- 
way systems be considered in planning earlier highway 
development. 

To promote efficiency of programming and admin- 
istration highway authorities of higher jurisdictions 
should have supervisory or advisory relationship to 
the lower jurisdictions. The granting of subsidies or 
loans by the national to the lower jurisdictions under 
suitable conditions is an effective means of exercising 
the desired influence and of assuring financial possibility 
of carrying out highway programs in charge of lower 
jurisdictions having aspects of national concern, in- 
cluding special attention to undeveloped sections. 

7. Provision for systematic maintenance of all high- 
ways after improvement is an essential feature of a 
sound highway program. If proper types of highways 
in relation to the character and volume of traffic are 
provided, maintenance costs should be less than with 
inadequate highways handling the same traffic. In 
making provision for maintenance, however, 1t should 
be borne in mind that traffic on ‘improved. highways 
tends to increase rapidly and, while the improvement 
thus benefits the users, it may increase the total of main- 
tenance costs. For this reason maintenance of im- 
proved highways of general use, or at least any increase 
over the former normal maintenance costs, should be 
regarded as a first charge upon the user revenues. 

8. The cost of constructing, improving, and main- 
taining adequate highway systems should be_ dis- 
tributed equitably in relation to the direct and indirect 
benefits derived, taking into consideration the taxable 
capacity of those benefited. Wide difference of condi- 
tions and institutions in various countries makes it 
impossible to establish any fixed formula for general 
application, but certain conclusions based on recent 
trends can be stated: 

(a) Due to the benefits to society, business, and 
property in general the application of general tax 
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revenues to highway purposes is desirable and should 
continue, the amounts being dependent upon the 
needs for highways, the funds available, and_ the 
demands for other purposes in the public budget. 
General taxes, carrying as they do a direct account- 

ability to public opinion for efficient expenditure, are 
a particularly appropriate source of revenue for work 
on local roads, including urban streets. 

(b) Any assessment of abutting or other benefited 
property, chiefly in urban districts and their environs, 
should be proportional to the actual benefit to such 
property. 

(c) Up to the lmit where they become an undue 
burden upon users of the highways, user taxes, including 
license fees and fuel taxes, afford an important and 
increasing source of highway finance. If such taxes are 
made unduly high, or if the burdens upon vehicle owners 
are unnecessarily increased by excessive import duties in 
predominantly agricultural, nonmanufacturing coun- 
tries, they tend to bring to bear the law of diminishing 
returns as Well as deprive the public of the benefits of 
normal development of motor transportation. For the 
same reasons user taxes should be applied exclusively for 
highway purposes. To provide uniformity over reason- 
able areas they should be imposed only by rules fixed 
by one of the higher jurisdictions. To maintain the 
sense of responsibility for collection and expenditure, 
they should in principle be expended under supervision 
of the collecting unit of government, and, at least for 
the present, only on highways of general use (including 
the sections thereof within municipalities). 

9. Because of the prevailing: inadequacy of financial 
resources to permit prompt completion of highway 
systems corresponding to the economic requirements of 
motor transportation, and because of the investment 
character of improved highways from which experience 
shows increasing returns in the form of user taxes may 
be expected, bond issues or other methods of borrowing 
for highway construction and improvement are desir- 
able in most countries. Such bond issues should, 
however, be limited to actual requirements for econom- 
ically justified construction or improvement. projects, 
under sound administration and with subsequent 
maintenance provided for out of current revenues. 
The bonds, if based primarily on user revenues for 
interest and redemption, which according to experience 
can be fully covered by such revenues under favorable 
conditions of highly developed motor transport, should 
nevertheless be backed by the full credit of the unit of 
government concerned. The period of amortization 
of loans for highway construction should not exceed the 
life of the improvement. When the needs for expedited 
highway construction and improvement have been met, 
the use of bond issues should be discontinued and the 
pay-as-you-go basis followed, especially when capital 
expenditures recur in each annual budget. 


QUESTION 5: HIGHWAY TRANSPORT; CORRELATION AND COORDI- 
NATION WITH OTHER METHODS OF TRANSPORT; ADAPTATION 
TO COLLECTIVE (ORGANIZATIONS) AND INDIVIDUAL USES 


1. Highway transportation has in the last decade 
become firmly established in the general scheme of 
transportation in the important and_ progressive 
countries of the world. The people and government 
agencies of the several countries are beginning to inves- 
tigate the possibilities of the coordination in the move- 
ment of persons and commodities by highway on the 
one hand and by rail, water, and air on the other. 


The coordination between different systems of trans- 
portation by land, by water, and by air should be so 
arranged that every transport should be done, as far as 
possible, through the most economical way and that 
most fitted to the particular needs. In this matter, 
the public authorities should adopt such legal and fiscal 
regulations as not to disturb the natural economic 
conditions of each transportation system. 

2. The coordination of rail and highway transporta- 
tion is the more pressing problem. 

3. The development of highway transportation 
through the use of the motor vehicle has not been of 
equal intensity in all countries. To the degree that 
this development has gone on in a country, to that 
extent has the problem of the coordination and correla- 
tion of highway and rail transportation facilities 
become the more pressing in its demand for a solution 
based upon broad economic and scientific principles so 
that the public as a whole may enjoy the maximum 
benefits of all its transportation agencies. 

4. Transportation by highway and transportation 
by rail are partly complementary and partly distinct 
services. Each one must be judged on its own merits. 
The considerations which govern the one are not the 
same as the considerations which govern the other. 
One can not be placed in a subordinate position as 
compared with the other. 

5. In considering this problem of coordination it 
must be recognized that common carriers of both pas- 
sengers and freight constitute but a very small part of 
the total highway traffic. In general, private auto- 
mobiles form the most important part of highway 
traffic and it is they which compete most seriously with 
the railways in passenger traffic. Where such a condi- 
tion occurs public authorities should permit the railways 
to adjust their train schedules so as to reduce passenger 
train-miles as much as possible. Railroads find it 
advantageous to substitute for unprofitable trains 
busses operated by them or others. 

6. The operation of all Public motor omnibus services, 
irrespective of ownership, must be subject to adequate 
control by a responsible authority embracing a wide 
area so as to insure regularity, efficiency, and ade- 
quacy of service, safety of the public at large, and 
avoidance of excessive competition and uneconomic 
fares. 

7. In certain situations it is found that the small 
amount of traffic that highway common carriers might 
draw from the railways is largely compensated by the 
feeder service which they afford to main lines of rail- 
roads. ‘This is especially true in mountainous countries 
where railway construction is extremely expensive. 
There the automobile, by superseding the old and slow 
means of transport, has brought about a revolution in 
traffic and has caused such regions to be better devel- 
oped industrially and commercially. 

8. In considering the various proposals for a closer 
coordination between rail and highway carriers, one 
or more of the following three plans is usually followed: 

(a) Voluntary cooperation between railroad com- 
panies on the one hand and operators of busses and 
common carrier trucks on the other. 

(6) Inauguration of highway transport services by 
the railroad companies or financial and administrative 
control or participation exercised by these companies 
in the conduct of highway transport undertakings. 

(c) Quasi legal coordination with obligation placed 
on the different transport companies to agree to the 
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creation of a system of cooperative operation and in 
case agreement is not reached the enforcement of com- 
pulsory coordination by governmental authority. 

9. Automobile and bus operation, as well as motor- 
truck operation, produces new traffic, part of which the 
railroads could not handle, and which is enormously 
helpful in moving shipments of Jess than carload, and 
by introducing the use of containers, and thus helping 
to solve transportation problems between terminals in 
large cities. The passenger traffic created is both short 
and long haul, but the motor-truck traffic is in general 
short haul. It must be observed, trucks operating over 
good highways act as agencies for gathering freight 
which serve to increase the productivity of the farming 
areas and relieve the railways of short-haul freight 
upon which little or no profit could be made. 

10. Common-carrier truck operations, as a whole, 
have not been profitable due to the competition of 
private and contract trucks. Common carriers of 
freight on the highways handle such a small part of 
the total traffic that the field does not appear sufficiently 
attractive for railways as a general proposition. 

11. Traffic surveys, including studies of origin and 
destination of traffic, are of special value in revealing 
the true characteristics of various kinds of motor traffic 
and their relationship to other forms of transportation, 
whether as feeders thereto or supplementary thereof. 

12. Highway transportation enterprises should be 
financially self-sustaining. Monetary subsidies on the 
part of the State or of private interests should arise 
only in the opening up of certain regions or sections of 
country which are destitute of traffic. Otherwise, the 
motor vehicle should be in position to bear its own ex- 
penses and taxes in so far as they may be considered fair 
to the motor vehicle. This is true in particular with 
reference to the contribution for the maintenance of 
roads which the motor vehicle makes by the payment 
of motor vehicle taxes, including gasoline taxes or 
duties. 

13. Taxes for highway purposes should be borne not 
only by motor vehicles but by all interests which benefit 
from the highway system, and should not be such as 
would arbitrarily prohibit the use of highways. 

14. Cooperation between railroads and automobiles, 
which has already been effected to some extent, is one 
of the great requirements of the age. In seeking such 
solutions the need of aviation by the provision of 
airdromes and roads leading to them must not be 
overlooked. 

15. Itis desirable for the convenience of the traveling 
public that there should be standard dates (with the 
minimum of exceptions) for new time schedules in 
public-road services, and that there should be universal 
as well as regional roadway time-tables. 

16. The congress, considering that the question rela- 
tive to the coordination of the various methods of trans- 
portation has received formal consideration at the In- 
ternational Congress of Railroads held in Madrid, 
May 5-15, 1930, under the title ‘‘Competition Between 
. Automobile Transportation Systems and Railroads.” 

Not being able to proceed to the thorough study re- 
quired by an examination of the conclusions of the 
Madrid Congress; 

Resolves that hereafter the question of establishing 
coordination and harmony between the various sys- 
tems of transportation by road, by rail, by waterways, 
and in the air be considered by the various international 
congresses that may be called upon to deal with it, and 





that reports be prepared by joint commissions of the 
accredited representatives of these various systems of 
transportation. 


QUESTION 6: 1. TRAFFIC REGULATION IN LARGE CITIES AND THEIR 
SUBURBS; TRAFFIC SIGNALS; DESIGN AND LAYOUT OF ROADS 
AND ADAPTATION TO TRAFFIC IN BUILT-UP AREAS. 2. PARKING 
AND GARAGING OF VEHICLES 

1. The congress confirms in general the conclusions 
of the congress of Milan on the fifth question relating 
to the layout of cities with regard to convenience and 
safety of traffic. 

2. With respect to traffic signs and signals the con- 
egress urges the necessity for uniformity and adherence 
to the principle that shape and color shall be utilized 
to give indications. 

(a) The congress recognizes the recommendations of 
the diplomatic conference held in Paris in 1926 and 
set out in Bulletin No. 57, May—June, 1928, as an im- 
portant step toward this end, and it proposes that 
countries that have not accepted these recommenda- 
tions should in designing systems of signs give due 
consideration to the principles contained in that bul- 
letin. And the congress further proposes that an Inter- 
national committee be named by the permanent com- 
mission and the Executive Bureau of the Association 
of International Road Congresses to consider methods 
for the universal application of the principles contained 
therein. 

(b) It is further recommended that the same inter- 
national committee undertake to propose uniform stand- 
ards for traffic control signals and other control devices. 
Pending the establishment of such standards, it is rec- 
ommended that the color red in traffic control signals 
be used only for the purpose of stopping traffic; for 
other traffic indications, such as those marking obstruc- 
tions in the roadway, the color red may still be used to 
indicate caution. 

3. The Congress recognizes that the design of rules 
and regulations for the facilitation of traffic in congested 
districts is a problem of growing complexity and that 
specific control measures should be applied only after 
a competent study of local conditions by qualified 
officials and the cooperation of interests affected. 
Under suitable conditions the following types of regu- 
lations have been found useful: 

(a) Parking restrictions through the application of 
space and time limits or prohibitions. 

(b) Segregation of types of traffic through the ex- 
clusion of certain classes of vehicles. 

(c) The regular alignment of vehicles en route 
through the use of traffic lane markings. 

(d) One-way movement. 

. (¢) Rotary movement at intersections where center 
islands of sufficient size and adequate visibility to 
permit easy rotation can be reserved. 

(f) Control of turning movements at intersections 
and of U-turns between intersections. 

(g) Pedestrian regulation. 

4. The Congress recognizes the physical and financial 
difficulties involved in replanning congested and built- 
up districts in large cities. It believes, however, that 
substantial relief can be obtained through changes 
looking toward the adaptation of streets in such dis- 
tricts to the requirements of modern traffic. Among 
such adjustments are the following: 

(a) Where economically possible public rail carriers 
should be removed from the street surface in such 
districts and placed in subways, or rapid transit, or 
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forms of transportation offering a minimum obstruction 
to traffic should be substituted, thus providing im- 
proved transportation and an increase in general traffic 
capacity. 

(b) The passage of pedestrians across heavily traveled 
streets can be facilitated and protected through the 
construction of subways or bridges at street inter- 
sections or other natural places of crossing. In certain 
districts it may be desirable that such subways or 
bridges be sufficiently close together so that any cross- 
ing of the street surface by pedestrians will be rendered 
unnecessary. Where traffic is not sufficiently heavy 
to warrant such structures pedestrian traffic can be 
facilitated and protected by the use of definitely marked 
lanes at street intersections and other natural places of 
crossing. 

(c) In order that prohibition or progressive restric- 
tion of parking may be applied without undue public 
inconvenience or economic hardship encouragement 
should be given to the provision of offstreet storage 
space economically and conveniently available. The 


congress holds that in certain cases it may be proper 
to require in the construction or remodeling of buildings 
the incorporation of suitable space for the offstreet 
loading or unloading and garagings of vehicles. 

(d) The congress holds that traffic congestion and the 
resultant risk of accidents as well as economic losses 
are sufficiently great in certain instances to warrant 
consideration of expenditures for the construction of 
grade separation at intersections and indeed for the 
construction of elevated or underground streets. 

5. As regards sections of the city in process of 
development, and suburban zones destined for future 
development, the congress urges the application of 
broadly conceived plans for their layout in order that 
the future may not result in a repetition of the difficul- 
ties now experienced in congested districts. 

6. The congress holds that highway officials should 
give due regard to the amenities of the roadside and 
should be given such powers as may be necessary to 
give reasonable protection in connection therewith to 
highway safety and the recreational value of the road. 


BUREAU OF PUBLIC ROADS ENTERS UPON NEW RESEARCH PROGRAMS 


ORIGIN AND DESTINATION SURVEY OF MICHIGAN STATE HIGH- 
WAYS BEGUN 

In an effort to determine how much of the cost of local 
roads in Michigan should be paid by local taxpayers 
and how much should be spread over the State, the 
Bureau of Public Roads, in cooperation with the Michi- 
ean State Highway Department, is conducting an origin 
and destination traffic survey on all roads, local as well 
as main State highways, in sample townships in the 83 
counties in the State. 

The facts obtained by the survey will show to what 
extent the local roads of each local taxing jurisdiction 
are used by traffic originating within and without these 
jurisdictions; and will serve as a basis for the distribu- 
tion of public funds now being made available for high- 
way improvement. The survey will also determine 
the amount of tourist traffic in the State. 

This investigation was begun on July 1 and will con- 
tinue for one year, after which time the same agencies 
will make special studies for one month, in seven cities, 
to determine the relative use of city streets by city 
vehicles and by vehicles owned outside the cities. 
These studies will also be used as a basis for taxation. 
The cities selected are Ann Arbor, Detroit, Flint, Grand 
Rapids, Jackson, Lansing, and Niles. 


DESIGN OF CONCRETE SLABS BEING STUDIED 


To determine the relative efficiency of concrete 
pavements of several designs and to develop a more 
exact knowledge of the amount and distribution of 
stress in pavement slabs resulting from loads applied to 
them at different points, the bureau has constructed 
a number of full-size concrete pavement slabs at the 
Experiment Farm of the Department of Agriculture 
at Arlington, Va. The slabs will later be subjected to 
an elaborate series of tests. 


A number of the slabs are of uniform thickness 
throughout. These are expected to give information 
regarding the relation between loads applied at various 
points and the stress and strain of the concrete at all 
points in the loaded cross section, and the relation 
between load resistance and slab thickness. 

Other slabs are thickened at the edges and for a 
certain distance from the edges in accordance with the 
different designs used at present in several States. 
In some cases the thickening is provided for by 
excavating the subgrade under the edges of the slab. 
In others the surface of the concrete slab will be raised 
at the edges so as to form a low, rounded lip curb. 
In still others the lip curb is combined with a thicken- 
ing of the edge of the slab at the bottom. Observa- 
tions of these sections will give information regarding 
the relative load-resisting properties of designs now in 
use in various States. 

The test slabs, which are 20 feet wide by 40 feet 
long, have central longitudinal and transverse joints, 
and one of the objects of the tests is to determine the 
efficiency of various methods in use for transferring 
load across these joints. 

Other tests to be made include bond tests of dowel 
bars to determine the length of embedment neces- 
sary, the measurement of subgrade friction, with 
particular attention to the effect of edge thickening of 
transverse joints on resistance to the sliding of the 
slabs on the supporting surface, and the measurement 
of the movement of the slab in the subgrade as a result 
of temperature and moisture changes. 

The work of constructing the slabs was begun early 
in July and is now completed. Preliminary strength 
tests will be conducted at the end of the 28-day curing 
period. Measurements of stresses caused by shrinkage 
were begun during the latter part of September. 








ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publiactions in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Deaprtment’s free supply is ex- 
hausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furuish publications free. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 
Report of the Chief of the Bureau of Public Roads, 1928. 
Report of the Chief of the Bureau of Public Roads, 1929. 


DEPARTMENT BULLETINS 


No. *136D. Highway Bonds. 20c. 
220D. Road Models. 


257. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 


*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 

*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10e. 

*370D. The Results of Physical Tests of Road-Building 
In@elk, Gre. 

386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 

387D. Public Road Mileage and Revenues in the South- 
ern States, 1914. 

388D. Public Road Mileage and Revenues in the New 
England States, 1914. 

390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 

*407D. Progress Reports of Experiments in Dust Pre- 
vention and Road Preservation, 1915. 10c. 

*463D. Earth, Sand-Clay, and Gravel Roads. 15c. 

*532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10c. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D. Highway Cost Keeping. 10c. 

*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

*6§691D. Typical Specifications for Bituminous Road Mate- 
rials. 10c. 

*724D. Drainage Methods and Foundations for County 
Roads. 20c. 

1216D. Tentative Standard Methods of Sampling and 
Testing Highway Materials, adopted by the 
American Association of State Highway Off- 
cials and approved by the Secretary of Agri- 
culture for use in connection with Federal-aid 
road construction. 

1279D. Rural Highway Mileage, Income, and Expendi- 
tures 1921 and 1922. 

1486D. Highway Bridge Location. 


DEPARTMENT CIRCULARS 


No. 94C. T. N. T. as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 


TECHNICAL BULLETIN 


No. 55. Highway Bridge Surveys. 


MISCELLANEOUS CIRCULARS 


No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal-Aid 
Highway Projects. 

*93M. Direct Production Costs of Broken Stone. 265c. 

109M. Federal Legislation and Regulations Relating to the 

Improvement of Federal-Aid Roads and National 
Forest Roads and Trails. 


MISCELLANEOUS PUBLICATIONS 


No. 76. The Results of Physical Tests of Road-building 
Rock. 


SEPARATE REPRINTS FROM THE YEARBOOK 


No. *914Y. Highways and Highway Transportation. 25c. 
937Y. Miscellaneous Agricultural Statistics. 
1036Y. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Connecticut. 

Report of a Survey of Transportation on the State Highway 
System of Ohio. 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio. 

Report of a Survey of Transportation on the State Highways of 
Pennsylvania. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon the 
Penetration Test for Asphalts and 
Asphalt Cements. 

Relation Between Properties of Hardness 
and Toughness of Road-Buiiding 
Rock. 

A New Penetration Needle for Use in 
Testing Bituminous Materials. 

. Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 

crete Slab Subjected to Eccentric 
Concentrated Loads. 


Vol. 5, No. 19, D- 3. 


Vol. 5, No. 24, D— 6. 


Vol. 6, No. 





* Department supply exhausted. 
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